
Recovery Plan
for the Shasta Crayfish
(Pacifastacus  fortis)



RECOVERY PLAN

for the

SHASTA CRAYFISH

(Pacifastacusfortis)

Publishedby

Region1
U.S. FishandWildlife Service

Portland,Oregon

Approved:

Date:



As the Nation’s principal conservation agency, the
Departmentofthe interior hasresponsibilityfor mostof
our nationally ownedpublic landsand natural resources.
This includesfosteringthe wisestuseofour landand water
resources,protectingourfish and wildlife, preservingthe
environmentaland cultural valuesof our nationalparks
andhistorical places, and providingfor the enjoymentof ¾

life throughoutdoor recreation. TheDepartmentassesses
our energyand mineral resourcesand worksto assurethat
their developmentis in the best interestsof all ourpeople.
The Department also has a major responsibility for
AmericanIndian reservationcommunitiesand for people
who live in island Territories underU.S. administration.



DISCLAIMER

Recoveryplansdelineatereasonableactionsthatarebelievedto be requiredto
recoverandprotectlisted species.Plansarepublishedby theU.S. Fishand
Wildlife Service,sometimespreparedwith theassistanceofrecoveryteams,
contractors,Stateagencies,andothers. Objectiveswill be attainedandany
necessaryfundsmadeavailablesubjectto budgetaryandotherconstraints
affectingthepartiesinvolved,aswell astheneedto addressotherpriorities.
Costsindicatedfor taskimplementationand/ortime for achievementof recovery
areestimatesandsubjectto change.Recoveryplansdo notnecessarilyrepresent
theviewsor theofficial positionsor approvalofany individualsor agencies
involved in theplan,otherthantheU.S. FishandWildlife Service. They
representtheofficial positionof theU.S. FishandWildlife Serviceonly afterthey
havebeensignedby theRegionalDirectororDirectorasapproved. Approved
recoveryplansaresubjectto modificationasdictatedby newfindings,changesin
speciesstatus,and thecompletionofrecoverytasks.

Literaturecitation shouldreadasfollows:

U.S. FishandWildlife Service. 1998. Recoveryplanfor theShastacrayfish
(PacWastacusfortis).U.S. FishandWildlife Service,Portland,Oregon.
153 pp.

Additional copiesmaybepurchasedfrom

:

FishandWildlife ReferenceService
5430GrosvenorLane,Suite 110
Bethesda,Maryland20814
Telephone:(301)492-6403or
1 (800)582-3421

The feeforplansmayvary dependingon thenumberofpages.

i



ACKNOWLEDGMENTS

Thedraft of thisrecoveryplanwaspreparedby Maria J. Ellis, who is a doctoral
candidatein theDepartmentof Biology,Universityof Michigan,AnnArbor,
Michigan,for theU.S. Fishand Wildlife Service’sSacramentoFishandWildlife
Office, Sacramento,California. This planwaspreparedundercontractwith the
CaliforniaDepartmentof Fishand GameInlandFisheriesDivision Endangered
SpeciesProject. ThetechnicaleditorwasAnn ChrisneyoftheU.S. Fishand
Wildlife Service,Sacramento,California.

ThePacifaslacusfortisillustration by RandySchmiederusedon thecoverwas
reprintedfrom Life on the Edge,courtesyof BiosystemsBooksandRandy
Schmieder(© R. RandySchmieder).TheU. S. Fishand Wildlife Servicewould
like to thanktheSmithsonianInstitution for theuseofthe illustrationof Shasta
andsignal crayfishusedin AppendixA (Hobbs 1989).

Field work conductedbetweenJuly 1990andOctober1994wasfundedby Pacific
GasandElectric Company(PG&E)aspartof therelicensingprocessfor thePit 1
HydroelectricProjectandtheHat Creek1 and2 HydroelectricProject. Theuseof
PG&E’s datain thisreportis very gratefullyacknowledged.Although
unpublished,PG&E annuallysubmitsareportof all findings to theU.S. Fishand
Wildlife ServiceandCaliforniaDepartmentof FishandGame. Datafrom
1993—1995,whichwerenot includedin thePit I Report(Ellis andHesseldenz
1993)aresummarizedin theAnnual Reportsfor thoseyears(Ellis 1994a,1995,
and 1996a). Housingwassuppliedby PG&E. Thebreadthandthoroughnessof
thesesurveyswould nothavebeenpossiblewithout thesupportofPG&E, in
particularDavid R. Longanecker.

RobertDanielsprovidedmany helpful discussionsand accessto his field notes
andotherunpublisheddata. Larry Eng andDarleneMeGriff also providedinsight
and accessto their field notesanddata. JeffCook providedassistancein the
preparationof thisplan. This manuscriptwasimprovedby commentsand
suggestionsfrom JohnBrode,AnnChrisney,JeffCook,SusanEllis, TerryHealy,
Mike Rode,Don Weidlein,andLynn Wixom.

Shastacrayfishresearch,preliminaryrestoration,additionalsurveysconductedin
November1994andin 1995,andthewriting ofthis draftplanwerefundedunder
ContractNo. FG3O7lIFwith CaliforniaDepartmentof FishandGamethrough

ii



FederalGrantSection6 appropriationsfrom theServiceto CaliforniaDepartment
of FishandGame. Thesupportandhelpof SusanEllis andLynn Wixom ofthe
CaliforniaDepartmentof FishandGame,InlandFisheriesDivision Endangered
SpeciesProjectandKevin Stubbs,Kristi Young,andAnnChrisneyoftheU.S.
FishandWildlife Serviceis gratefullyacknowledged.ShirleyLipa, California
Departmentof FishandGameInlandFisheriesDivision ContractCoordinator,
managedthecontractualpaperworknecessaryfor this study to beginandproceed.

Field assistancewasprovidedby JeffreyD. Cook (1993—1996),Michael W. Orr
(1991—1992),GlennS. Yoshioka(1991),JeanineM. Bayus(1994—1995),Chip
O’Brien (1991—1992),Terry Powers(1992),Tom F. Hesseldenz(1990—1994),
David R. Longanecker(1994),CraigSummers(1992—1993),KatherineR. Neblett
(1994),Dustin Lindler (1993),Keith F. Ellis (1993),TamaraA. Shepherd(1994),
Arthur McCoy (1992),BrianBarr (1994)andJackMoore(1991). Field work in
1990—1991wasconductedin coordinationwith TheoLight (1990—1991),
ChristopherA. Myrick (1991),andJayClarke(1990),who weresupervisedby
Dr. DonErmanat Universityof CaliforniaBerkeleyundercontractwith
CaliforniaDepartmentof FishandGame.

Surveysat ThousandSprings,SpringCreek,LavaCreek,RisingRiver,Rising
River Lake,and someportionsof theFallRiver andHat Creekwould not have
beenpossiblewithoutthepermissionandgenerousassistancegivenby the
landownersandtheirmanagers.

Aquatic andripariansurveydataweredigitized by Hammon,Jensen,Wallenand
Associates,Inc. Dataanalysisof theGIS databasewasconductedby CarolNeishi
ofPG&E Building andLandServicesGIS.

Numerousconversationswith long-timeresidentLeland Kernsprovidedvaluable
history andinsight that broadenedthedepthandscopeofthis document. Les
DraperandThelmaShiplettalsoprovidedhistoricalinformationthatimproved
thedocument.Thehelpofall ofthesepeopleis gratefullyacknowledged.

iii



EXECUTIVE SUMMARY

Current Status: TheShastacrayfish(PacWastacusfortis)is federallyandState
listed asendangered.Its distributionis limited to themidsectionsof thePit River
drainage,primarily theFall River andHat Creeksubdrainagesin ShastaCounty,
California. This species’distributionis tied to thedistributionof lavacobblesand
bouldersoriginatingin thevolcanicgeologyoftheModocPlateau.Overall,
Shastacrayfishpopulationshavelow abundanceandfragmenteddistributionwith
migration andgeneticexchangebetweenpopulationslimited by hydroelectric
development,naturalbarriers,and habitatloss. Thelimits ofits geographicrange,
however,appearto havechangedlittle over time. Currently,thereare seven
populationsof Shastacrayfishrangingin sizefrom approximatelyfewerthan50
to 5,000.

Habitat Requirementsand Limiting Factors: Shastacrayfishprimarily live in
cool, clear, spring-fedheadwatersthat arecharacterizedby cleanvolcaniccobbles
andboulderson top of gravelorsand. Thevolcaniccobbleandbouldersare
essentialhabitatcomponentsbecausetheyprovideprotectivecoverfor the
crayfish. Themain threatsto Shastacrayfishincludetheintroductionand
expansionofnonnativespeciesof andfishesanddisturbancesrelatedto landuse
practices. Signalcrayfish,which arerapidlyexpandingtheirabundanceand
range,mustimmediatelybe excludedfrom themajorsubpopulationsof Shasta
crayfish,anderadicatedand controlledelsewhere,to preventtheextinctionof
Shastacrayfish.

Objective: Theprimaryobjectiveof this plan is to stabilizeandprotectexisting
populationssothat Shastacrayfishmaybe reclassifiedasathreatenedspeciesand
ultimatelydelisted.

Criteria for Downlisting (statuschangesfrom endangeredto threatened):

1. The20 major subpopulationswithin 5 Shastacrayfish populationsthatare
currentlyfree of nonnativecrayfishspeciesare protectedto ensurethey
remainisolatedfrom nonnativecrayfishspecies,andthesesubpopulationsare
stable(i.e., self-sustainingandcomprisingrepresentativesof all ageclasses).

2. TheCrystalLakeand SuckerSpringsCreeksubpopulations,which havebeen
invadedby signalcrayfish,areprotectedandstabledue to elimination,
reduction,or managementof signalcrayfish.
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3. Overa 5-yearperiod,populationsizesremainconstantat UpperFall River,
SpringCreek,andRising River,andpopulationsizesincreaseatLavaCreek,
upperTule River,CrystalLake,andSuckerSprings.

4. Signalcrayfishareeradicatedin lowerLavaCreekso that Shastacrayfishare
freeof signalcrayfishthroughouttheentireLavaCreeksubdrainage.

5. Themajorsubpopulationsin eachofthesevenShastacrayfishpopulationsare
protectedfrom disturbancesrelatedto landusepractices.

Criteria for Recoveryand Delisting (speciesis no longer federally threatened
or endangered):

1. Nonnativecrayfishspecies,in particularsignalcrayfish,havebeeneliminated.
reduced,or managedin all Shastacrayfishsubpopulations,sothattheyno
longerthreatenthecontinuedexistenceof Shastacrayfishat thesesites.

2. All Shastacrayfishsubpopulationsarestablewith populationsizesthat are
increasingover a 5-yearperiod.

Actions Needed:

1. ProtectShastacrayfishpopulationsby eradicatingorpreventinginvasionsby
nonnativecrayfish,restoringhabitat,andeliminatingimpactsfrom land
managementpractices.

2. Determinethestatus,distribution,andrelativeabundanceofShastacrayfishin
themainstemof thePit River.

3. Conductresearchon theecology,behavior,andpathologyof Shastacrayfish.
4. Monitor andassessShastacrayfishpopulationsanddeterminepopulation

targetsfor a sustainableandwell-distributedpopulation.
5. Developeffectivewatershedandecosystemmanagementplansfor all

drainagessupportingShastacrayfishpopulations.
6. Providepublic educationon Shastacrayfish.

Costs: approximately$4,500,000

Dateof Delisting: 2012
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I. INTRODUCTION

A. Brief Overview

Thecontinuedexistenceof theShastacrayfish(Pac~fastacusfortis),theonly

survivingspeciesofcrayfishnative(endemic)to California, is at risk. Originally

designatedasararespeciesunderCalifornia law in 1980,theShastacrayfishwas

listed asan endangeredspeciesby theStatein 1988. TheShastacrayfishwas

federallylisted asan endangeredspecieson September30, 1988(U.S. Fishand

Wildlife Service1988). No critical habitathasbeendesignatedfor this species.

Thelimited distributionandabundanceof Shastacrayfish,coupledwith an

apparentdeclinein thespecies,ledto its endangeredstatus. Its distributionis

limited to themidsectionsof thePit Riverdrainage,primarily theFallRiver and

HatCreeksubdrainages(Figure 1). Thegreatestdensitiesof Shastacrayfishare

foundin thepristineheadwaterspringsof theFall River. A few of thesesprings

supportlocally abundantisolatedpopulations.Otherareas,whichhavegenerally

beenconsideredmarginalhabitat,supporta sparselydistributed,low abundance

of crayfish. Overall, Shastacrayfishhavea low abundanceand fragmented

distributionwith migrationand geneticexchangebetweenpopulationslimited by

hydroelectricdevelopment,naturalbarriers,andlossof habitat.No singleeventis

responsiblefor thespecies’decline,but numerousnaturalandhumandisturbances

over time havecollectivelyresultedin thereducedabundanceandfragmented

distributionof theShastacrayfish.

Of thethreespeciesofcrayfishendemicto California, only theShastacrayfish

(formerlycalledtheplacidcrayfish)remains. Thesootycrayfish(Pacifastacus

nigrescens),which is thespeciesconsideredto be themostcloselyrelatedto

Shastacrayfish,hasnot beencollectedsincethemid-i 800s. Onceacommon

inhabitantof creeksin thevicinity of SanFrancisco,thesootycrayfishis now

consideredextinctdueto overharvesting,urbanization,and theintroductionof the
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nonnativesignalcrayfish(Pac~fastacusleniuseulusleniusculus)to theSan

FranciscoBay areain the late 1800s(Reigel1959,Hobbs1974, 1989,Bouchard

1 977a). Subspeciesof PacWastacusleniuseulushavebeenwidely introduced

throughoutthestateand world,including the KlamathRiver drainagein

northwesternCaliforniawhereone subspecies(PacWastacusleniusculus

kiamathensis)is native. Becauseof overlappingrangesandinterbreeding,the

different subspeciesofPacfastaeusleniusculusare generallyno longer

recognizable(Hobbs1972);characteristicsonceuseful in distinguishingthe

subspeciesarenowoftenfoundon thesameindividual.

Within the lasttwo decades,thesignal crayfishwasalso introducedinto the

nativedrainageof theShastacrayfishin northeasternCalifornia. Manyeventsor

disturbancesin the lastcenturyhavechangedthehabitatsothat it is now more

suitableto a generalistsuchasthesignal crayfish,which is a speciesthattolerates

abroadrangeof conditions,thanto a specialistsuchastheShastacrayfish,which

is a speciesthat is adaptedto a narrowrangeof conditions. Therapidexpansion

of signalcrayfishandtheapparentdeclineof Shastacrayfishin this areasuggests

that signalcrayfishmayreplaceShastacrayfishasthesignalcrayfishonce

probablyreplacedthesootycrayfishin theSanFranciscoBay area.

B. Taxonomy

Shastacrayfishwerefirst collectedby RutterandChamberlainin 1898 in the Fall

River atFall River Mills and Hat CreeknearCasselduring a UnitedStatesFish

Commissionstudy(Rutter1903, 1908). Fall River Mills is the typelocality, the

placewherethespecimen(s)usedto describethespecies’distinguishing

characteristicswascollected. Faxon (1914),usingRutter’s 1898 collections,

describedShastacrayfishasAstacusnigrescensfortis,becausehe believedit was

asubspeciesof theSanFranciscoBay areasootycrayfish. Bott (1950,cited in

Engand Daniels1982)separatedtheNorthAmericanmembersofthis genusinto
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thegenusPacWastacusandretainedthegenericnameAstacusfor someof the

Eurasianmembersofthegenus. Hobbsassignedfull speciesstatusto theShasta

crayfish,Pacifastacusfortis,in 1972. TheShastacrayfishremainedin thefamily

AstacidaewhenHobbscreatedthefamily Cambaridaein 1972for all crayfish

speciesthathavetwo morphologicalformsfor themale. All Cambaridsarenative

to areaseastof theContinentalDivide. Bouchard(1978)placedShastacrayfish

in thesubgenusHobbsastacusbecausetherostrum,theareabetweentheeyesin

themostanteriorportionofthe carapace(theshell coveringtheheadand

midregionover thewalking legs),hasmultiplepairs of marginalspines(Figure

2). Thespiny rostrumofthe Shastacrayfishis similar to therostrumsof four

othermembersof thegenusPacWastacusthat arealsoplacedin thesubgenus

Hobbsastacus:P. chenoderma(fossil), P. connectens,P. gambelii,andP.

nigreseens.

C. SpeciesDescription

Shastacrayfisharemedium-sized;the totalcarapacelength (TCL) (seeFigure 2)

ofa typicaladult is 27—50 millimeters(1.06—1.97inches). Themostcommon

colorationpatternfor Shastacrayfishis adarkmochabrownon thebackanda

bright orangered on theunderside,especiallyon thepincher-likeclaws(chelae).

An occasionalindividual hasa blue-greento brightbluedorsal(back) surfaceand

a light salmonventral(underside)surface.

Shastacrayfishhaveatoothed(denticulate)marginon therostrum(Figure2). In

signalcrayfish,therostrumhasthreepartsor protrusions(tripartite rostrum). The

insidemarginof thechelaeof theShastacrayfishis smooth,while thechelaeof

thesignal crayfishis notched.AppendixA illustratesthephysicalcharacteristics

that differentiatethesignalcrayfishfrom the Shastacrayfish. Theabsenceof

patchesof bristles(setalpatches)on theirclawsseparateShastacrayfishfrom
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PacWastacusconnectens(nativeto Idaho,northernNevada,northernUtah,and

easternOregon)andPacfastaeusgambelii (a northernRocky Mountains/Great

Basinspecies).Shastacrayfishhaveshorterandthickerclawsthanthesooty

crayfish,whoseclaws arelong andnarrow(Hobbs1989).

Male andfemaleShastacrayfishdiffer physically(sexuallydimorphism). The

first two pairsof abdominalappendages(pleopodsor swimmerets)arehardened

andmodified in malesfor spermtransferto females. In addition,adult maleshave

narrowerabdomensand largerclawsthanfemales. Adult femaleshavebroader

abdomenswith lateralextensionsoftheexoskeletonon theabdomen(pleura);the

first pair of abdominalappendagesis absentin females.

D. Life History and Ecology

Most crayfisharemoreactive at night. Shastacrayfishareespeciallynocturnal

andremainhiddenduring theday. In general,Shastacrayfishcomeout from

hiding only afterdarkto browseon theperiphyton(i.e., thecommunityofplants,

animals,and associateddetritus,or debris)that adhereto andform a surface

coatingon theabundantlavarocks. Shastacrayfishthat arefoundin theopen

during daylighthavegenerallyeitherbeendisturbedfrom their refugeor appearill

(M. Ellis, personalobservation[pers.observ.]).

Shastacrayfisharelong-livedandslow-growing. Althoughage-classboundaries

areoftennotvery distinct,especiallyin olderreproductivecrayfish,therelative

ageof individual Shastacrayfishcanbe estimatedfrom graphsbasedon data

showingtherelationshipbetweenageandsize(size-frequencyhistograms).It

takes5 yearsfor aShastacrayfishto reachsexualmaturityat27 millimeters(1.06

inches)TCL. ThelargestShastacrayfishfoundto datewasamale,probably

10—15 yearsold, with aTCL of 58.7millimeters(2.31 inches).
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Mating occursin OctoberorNovemberwhenthemale depositsacapsule

containingsperm(spermatophore)on theundersideof thefemalenearhergenital

openingatthe baseofthefourth pair ofwalking legs. Shortly afterwards,the

femalelays 10—70 eggs,which shefertilizeswith spermfrom thespermatophores

andthenattachesto theundersideof herabdomenortail. In thespring,theeggs

hatchinto immaturelarval forms,the first instars,that areattachedto the

undersideofherabdomenby threadsto theinnereggmembrane.Thesemolt into

secondinstars,miniaturesoftheadult that claspthefemalewith theirtiny claws.

After a secondmolt, thethird instarsreachatotal carapacelengthof 5—7

millimeters (0.20—0.27inch)andgraduallybecomefree-living(Holdich and

Reeve1988).

Potential Food Resources.No researchhasdeterminedthefoodpreferencesand

nutritional requirementsof Shastacrayfish,but therehavebeenanumberof

observationsandhypothesesbasedon anatomyandobservationin the field and

laboratory. Thefailure to capturethis speciesby usingbaitedtraps(Engand

Daniels1982)led to thepremisethat Shastacrayfishwere eithercarnivores(meat

eaters)orbrowsers(grazingon aquaticvegetation)ratherthanomnivorous

scavengers(feedingondeador decayingplantsandanimals)like signalcrayfish,

which arereadily luredto baitedtraps. Bouchard(1977b)determinedthat the

structureof themouthpartsmakesShastacrayfishmoreefficientat scrapingfoods

suchasperiphytonthanthesignalcrayfish,which hasamore generalizedincisor

surface. Shastacrayfishhavebeenobservedin the laboratoryandfield feedingon

thesmall blackish-greensnail,Fluminicolaspp. (M. Ellis, pers.observ.;T. Light

1990,unpublishedfunpubl.] field notes). In thefield, Shastacrayfishwere

observedapparentlyfeedingon snails,a strandof deadaquaticvegetationthat

wasprobablyafilamentousgreenalgae(Rhizoclonium)(J. Clarke1990unpubl.

field notes),andorganicdebris.
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During night dives,researchershaveobservedShastacrayfishon rockswith their

mouthpartsmoving;this behaviorsuggeststhecrayfishareeatingorganisms

attachedto rocks(periphyton)andpossiblysnails;however,crayfishcanalso

movetheirmouthpartsasa sensorybehaviorwhentheyarenot feeding. Shasta

crayfishhavebeenobservedmoving their first walking legs(pereiopods)to their

mouthsormovingtheirclawsto suggestfeeding;althoughthecrayfishwere

apparentlygrazing,no specific food itemscouldbe identified(M. Ellis, pers.

observ.;Ermanet al. 1993).

Otherobservationshavebeenmadeunderartificial or experimentalsettingsthat

couldaffect crayfishbehavior. Shastacrayfishkept in aquariahavefed on both

freshwaterlimpets(Lanx spp.)andtubifexworms(Eng and Daniels1982).

During oneseriesofexperiments,Shastacrayfishwerefed crayfishchow,meal

worms,andbrineshrimp(Mojicaet al. 1993),all of whicharenot foundin their

nativeenvironment. It wasunknownwhetherthis diet metthespeciesnutritional

requirements.Whenalmostall ofthesecrayfishdied,it was assumedto be a

resultof high watertemperaturesduring theexperiment.OneShastacrayfishwas

observedeatingadeadjuvenilerainbowtroutduring an enclosureexperimentin

CrystalLake during thesummerof 1993 (M. Ellis, pers.observ.). Shastacrayfish

in thePit 1 Laboratoryhavebeenobservedeatingnumeroussnails,particularly

Fluminicolaspp.and,to a lesserextent,Jugaspp.(M. Ellis, pers.observ.)

Theprimary foodof Shastacrayfishappearsto be theperiphytonand

invertebratesthatareabundantin their native environment.Otherpotentialfood

resourcesincludetrout, sucker,andsculpineggs,whichareseasonallyabundant.

Althoughsomeofthe items Shastacrayfishwill consumeareknown,nothingis

known abouttheiractualnutritional requirements.Someunderstandingof the

nutritional requirementsof Shastacrayfishis necessarybeforeinitiating long-term

captivebreedingprograms.
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Potential Predators. Many nativeand introducedfish, amphibian,reptile,and

mammalspeciesin themidsectionsof thePit River drainageareknownto preyon

crayfish(Table 1), althoughpredationon Shastacrayfishhasnot been

documented.Somespeciesareoccasionalbenthicfeedersthatwould probablyeat

small crayfish,particularlyyoungof theyear(YOY), whenencountered.Other

potentialpredatorsincludebullfrogs, turtles,gartersnakes,mammals,anda

varietyof birds. Bullfrogs, which arenot nativewestof theRockies(Stebbins

1985),wereintroducedandare now commonin CrystalLakeandBig Lake.

Bullfrogsprey on crayfish(Tack 1941,Penn1950). Althoughmanyturtleseat

crayfish(Tack1941,Laglerand Lagler 1944),no referencesto westernpond

turtlepredationon crayfishwerefound. Gartersnakeseatcrayfishon occasion.

Two of thethreenativeaquaticmammals,river ottersandmink, areknownto

prey on crayfish. Observationsof a pairof river ottersfeedingon signal crayfish

in thePit River indicatethat theyareextremelyeffectiveandefficient crayfish

predators(M. Ellis, pers.observ.).Most of theriver otterscatfoundin theareais

composedsolely ofpiecesof crayfishshell (M. Ellis, pers.observ.).Muskrats,

whichprey on crayfish,were introducedinto thedrainagein theearly 1930’s.

Racoonsarealsoknownto eatcrayfish. Beaversareherbivorousandunlikely to

impactcrayfish. Theimpactof thesepotentialpredatorson Shastacrayfishis not

known.

Oneof thelargestgreatblueheronrookeriesin California is locatedin Ahjumawi

LavaSpringsStatePark(Figure 1)along Ja-SheCreek. A smallergreatblue

heronrookery is foundon an islandin thePit River downstreamof theState

Highway299 Bridge. The impactof avianpredatorson Shastacrayfishis

unknown.
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Table 1. Animal andplant speciesassociatedwith theShastacrayfishin thePit River andits subdrainages(Figures1, 4, 5, and8).

CommonName ScientificName Crayfish Comments
Predator

Rainbowtrout

Sacramentosucker

Pit-Kiamathbrook lamprey

Rough sculpin

Bigeye marbledsculpin

Sacramentosquawfish

Oncorhynchusniykiss

Catostomusaceidenta/is

Lampetralethophaga

Cottusasperrimus

Cottuskiamathensismacraps

Plychacheilusgrandis

Yes

Possible

No

Possible

Possible

Yes

Springareas;eggsarea potential food resource
for Shastacrayfish

Springareas;eggsarea potential food resource
for Shastacrayfish;possiblyeatShastacrayfish
young-of-the-year(YOY)

Springareas;eggsarea potential food resource
for Shastacrayfish

Springareas;foundthroughoutFall River
drainage;low numbersin Pit River and lower
Hat Creek(downstreamfrom Rising River
subdrainage);eggsare a potential food resource
for Shastacrayfish;possiblyeatShastacrayfish
YOY; State listedasthreatenedandFederal
speciesof concern

Springareas;found throughoutFall River
drainage;low numbersin Pit River andlower
Hat Creek(downstreamfrom RisingRiver
subdrainage);eggsare a potentialfoodresource
for Shastacrayfish;possiblyeatShastacrayfish
YOY; Statespeciesof specialconcern

Lakesand rivers;spawnin spring areas

Fish1

(Native)

Taub 1972;Rickett 1974;J. Cook, pers.comm. 1995; L. Eng, unpubi.data;California Departmentof Fish and Game,unpubl.records



Table I. Animal andplant speciesassociatedwith theShastacrayfish in thePit Riverandits subdrainages(Figures1, 4, 5, and8).

CommonName ScientificName Crayfish Comments
Predator

Cattuspitensis

Mylapharadancanacepha/us

Gila bicalar

Hysteracarpustraski

Possible

Possible

Possible

Possible

Only sculpin in RisingRiver subdrainageand
upperHat Creek;alsonative to lowerHat Creek,
SuckerSpringsCreek,and mainstemPit River;
not found in Fall River drainage,or CrystalLake;
eggsare apotential food resourcefor Shasta
crayfish;possiblyeatYOY crayfish

Nativeto midsectionsof Pit Riverdrainage,but
notgenerallyfound with Shastacrayfish;
possiblyeatYOY crayfish

Nativeto midsectionsof Pit Riverdrainage,but
notgenerallyfound with Shastacrayfish;
possiblyeatYOY crayfish

Nativeto midsectionsof Pit River drainage,but
not generallyfound with Shastacrayfish;
possiblyeatYOY crayfish

Fisht Brown trout

(Introduced) Brown bullhead

Largemouthbass

Greensunfish

Salmatrutta

Ameiurusnebulasus

Micrapterussalmaides

Lepamiscyanellus

Yes

Yes

Yes

Yes

Springareas,especiallyin fall spawningseason

CrystalLake

Successfulin usingShastacrayfish habitat,
includingsomespring areas,especiallyin winter

Not generallyfound with Shastacrayfish

Pit sculpin

Hardhead

Tui chub

Tule perch

Taub1972; Rickett 1974; J. Cook, pers.comm. 1995:L. Eng, unpubl.data;CaliforniaDepartmentof Fish andGame,unpubl.records



Table 1. Animal andplant speciesassociatedwith theShastacrayfishin thePit River andits subdrainages(Figures1, 4, 5, and8).

CommonName ScientificName Crayfish Comments
Predator

Bluegill Lepamismacrachirus Possible

Black crappie

Smallmouthbass

Brook trout

Channelcatfish

White catfish

Commoncarp

Goldenshiner

Black bullhead

Mosquito fish

Signal crayfish

Pamaxisnigromaculatus

Kficrapterusdo/amieu

Sa/ve/inusfantinalis

Ictaluruspunctatus

Ameiuruscatus

Cyprinuscarpia

Natemiganuscrysa/eucas

Ameiurusme/as

Gambusiaaffinis

Pac~fastacus/eniusculus

Yes

Yes

Possible

Yes

Possible

Possible

Yes

No

Yes

Not generallyfound with Shastacrayfish;could
possiblyeatYOY crayfish

Not generallyfound with Shastacrayfish

Not generallyfound with Shastacrayfish

Not generallyfound with Shastacrayfish; could
possiblyeatYOY crayfish

Not generallyfound with Shastacrayfish

Not generallyfound with Shastacrayfish

Not generallyfound with Shastacrayfish

Not generallyfound with Shastacrayfish;large
shinerscouldpossiblyeat YOY crayfish

Not generallyfound with Shastacrayfish

Not generallyfound with Shastacrayfish

Nonnativespecies;interfereswith andreplaces
Shastacrayfish; potentialto transmitpathogens
andparasitesto Shastacrayfish

t’~)

Benthic

Invertebrates

Crayfish



Table 1. Animal andplant speciesassociatedwith theShastacrayfishin thePit River andits subdrainages(Figures1, 4, 5, and8).

CommonName ScientificName Crayfish Comments
Predator

Virile (fantail) crayfish

Mussels2 Californiafloater

Orcanectesyin/is Yes

Anadantaca1~farniensis

Nonnative;potentialcompetitorwith Shasta
crayfish;potentialto transmitpathogensand
parasitesto Shastacrayfish

Federalspeciesof concern

Wingedfloater

Oregonfloater

A nodantawahicunatensis

Anadontaareganensis

Montanepeaclam Pisidiumu/tramantanum Federalspeciesof concern

Westernridgemussel

Westernpearshell

Snails

Ganideaangulata

Margarit~ferafa1cata

JugaacutWiasa

F/urnmica/asemina/is

Abundantandcommonlyfound in springareas;
generallyfoundon lava substrate;Shasta
crayfish fedon snailsin this genusin captivity

Abundantandcommonlyfound in springareas;
foundon greenalgae(Rhizoc/aniumhookeri,but
not Spirogyraspp.); Shastacrayfish observed
feedingon snailsin this genus3in thefield andin
captivity

Lanxpate//aides

2 Signalcrayfish wereobservedeatingmussels(M. Ellis, pers.observ.)

~T. Light 1990,unpubl. field notes



Table 1. Animal andplant speciesassociatedwith theShastacrayfishin thePit River andits subdrainages(Figures1, 4, 5, and8).

CommonName ScientificName Crayfish Comments
Predator

Physe//agyrina

He/isamanewberiyi

Associatedwith fine sedimentin larger lakesand
rivers

Associatedwith fine sedimentin larger lakesand
rivers

Greatblue heron

Belted kingfisher

Green-backedheron

Black-crownednightheron

Americanbittern

Bufflehead

Commongoldeneye

Ring-neckedduck

Westerngrebe

Pied-billedgrebe

Double-crestedcormorant

Vartic~fexeffusa

Ardeaheradias

Cery/ea/cyan

Butoridesstriatus

Nycticaraxnycticarax

Bataurus/entiginasus

Bucepha/aa/beola

Bucepha/ac/angu/a

Aythyaca//ar/s

Aechmopharusoccidenta/is

Podi/ymbuspodiceps

Pha/acracaraxauritus

Birds4 Yes

Yes

Yes

Yes

Yes

Possible

Possible

Possible

Possible

Possible

Possible

‘~ Tack 1941,Lagler and Lagler 1944



Table 1. Animal andplant speciesassociatedwith theShastacrayfish in thePit River andits subdrainages(Figures1, 4, 5, and8).

CommonName ScientificName Crayfish Comments
Predator

Sora Parzanacaro/ina Possible

Virginia rail Ra//us/imica/a Possible

Spottedsandpiper Actitis macu/aria Possible

Mammals5 River otter Lutra canadensis Yes

Mink Muste/avisan Yes

Beaver Castorcanadensis No Herbivorous,not likely to impactcrayfish

Muskrat Ondatrazibethica Yes Destabilizebanksandincreasesediment

Raccoon Pracyan/atar Yes

Amphibians6 Bullfrog Ranacatesbeiana Yes Introducedandnow commonin CrystalLake

andBig Lake

Reptiles7 Westernpondturtle Clemmysmarmarata Possible

Gartersnake Thaninaphisspp. Yes

~ Errington 1941;Burt andGrossenheider1976; MacDonald 1985; Hanson eta/. 1989; M. Ellis, pers.observ.

6 Tack 1941, Penn 1950, Stebbins 1985

~ Tack 1941, Lagler and Lagler 1944



Table 1. Animal andplant speciesassociatedwith theShastacrayfish in thePit River andits subdrainages(Figures1, 4, 5, and8).

CommonName ScientificName Crayfish
Predator

Comments

Aquatic
Vegetation8

Filamentousgreenalgae Rhizac/aniumspp. -- Springspecies;dominantvegetationin
headwaterspringareaswheremostShasta
crayfish populationsare found; Shastacrayfish
observedfeedingon strandof deadaquatic
vegetationthoughtto be in this genus9

Buttercup Ranuncu/usspp. -- Springspecies;patchyand coverssmall amounts
of habitat

Water-milfoil Myriophy//umspp. -- Springspecies;patchyand coverssmallamounts
of habitat

Filamentousgreenalgae Spiragyraspp. -- Coverslargeareasin Little Tule, Tule, andlower
Fall Rivers;usuallyfound in nutrient-rich
eutrophicwaters;notgenerallyfound with
Shastacrayfish

Waterweed E/adeaspp. -- River species;found in Fall, Tule, andLittle Tule
rivers; andnearshoresof Pit 1 Forebay,Fall
River Pond,Big Lake; somebelow Pit 1
Powerhouse

8 Ellis andHesseldenz1993

~ J. Clarke,unpubl. field notes



Table 1. Animal andplant speciesassociatedwith theShastacrayfishin thePit River and its subdrainages(Figures1, 4, 5, and8).

CommonName Scientific Name Crayfish
Predator

Comments

Horned-pondweed Zanniche//iasp. -- River species;found in Fall, Tule, and Little Tule
Riversandnearshoresof Pit I Forebay,Fall
River Pond,Big Lake; somebelow Pit 1
Powerhouse

Hornwort Cerataphy//urnspp. -- Associatedwith streambanksin Big Eddypool

abovethePit River CanyonandPit I Forebay



E. Habitat and Ecosystem

PhysicalEnvironment

GeologicBackground. Thepastandpresentdistributionofthe Shastacrayfishis

integrallytied to thegeologichistoryof theModocPlateau,animmenselavafield

coveringmostofnortheasternCalifornia. Becausevolcanic rock is porous,most

rainfall percolatesthroughthelavainto thegroundwater.Surfacewateris

minimal, sorainfall from over80 kilometers(50 miles) awayandsnowmeltfrom

LassenPeak,Medicine LakeHighlands,and otherlesserpeaksfeedthe

groundwaterthatcomesto thesurfaceat contactsprings(formedwherepermeable

lavaflows overlie less-permeablematerial suchaslakebedsediment)in the

midsectionsofthePit River drainage(Norris and Webb 1990, Roseetal. 1996).

ThemidsectionsofthePit River drainagelie alongthewesternmarginofthe

Modoc Plateaugeomorphicprovince.

Evidencefrom arecentstudy indicatesthat theLassenvolcanichighlandsarethe

rechargearea(sourceof water)for springswhereShastacrayfisharefoundin the

Hat CreekBasin(Roseci al. 1996). Precipitationon theLassenvolcanic

highlandspercolatesthroughthelava into a largecentralaquifersystem

underlyingHat CreekValley, which supplieswaterto RisingRiver and Crystal

Lakesprings. Thehydrologicfeaturesof theFall River springsystemarevery

similar to thoseoftheHatCreekbasinsprings. Preliminarydataindicatethatthe

MedicineLakeHighlandsarethesourceof waterfor theFallRiver springs(Rose

ci al. 1996). TheFall River andRisingRiver subdrainages,andto a lesserextent

HatCreekandthemidsectionsofthePit River, arecharacterizedby extensive

coldwater springs(9—12degreesCelsius;48.2—53.6degreesFahrenheit).The

volcanicorigin oftheareais alsoresponsiblefor thedominantfeatureof Shasta

crayfishhabitat:lavacobbleandboulders.
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Thesecondmajorgeologicfeaturethat determinesthelocationofmanyofthe

springsin theareais theextensivedepositsoriginatingfrom largeprehistoric

lakes(Pleistocene/Pliocene).TheFall River andHat Creekbasinswerepartof a

largelakeor seriesoflakesthat connectedtheKlamathBasin,in Oregon,and

northernCalifornia(Russell 1885,Meinzer1922,Hannaand Gester1963). These

prehistoriclakesalsofeatureprominentlyin thezoogeography(animal

distribution)oftheregion(Taylorand Smith1981,Taylor 1985).

Drainage Description. ThePit River,whichdrainsmostof northeastern

California,meandersthroughmarshypasturealongthebroad,low-gradientvalley

floorsof its upperdrainagein LassenandModocCounties. Althoughthe

tributary streamsoftheupperPit Riverareprecipitous,cold andclear,theupper

Pit River is oftenmultichanneled,slowflowing, warm, andturbid. Theupper

river onceflowed throughindefinitechannelscreatingextensivemarshlands

throughthevalleysin its upperdrainage(Moyle andDaniels1982). Most of

thesemarshlands,however,havenowbeendrained,with 20—25 percentof the

waterdivertedfor irrigation andtheriver and lowlandportionsofthetributaries

channelized(Moyle andDaniels1982).

Thecharacterof thePit River changesbelow themouthof FallRiver, one of its

largesttributaries. TheFallRiver is renownedfor its size,flow, and clarity,

whichresultfrom countlessspringsthroughoutits uppersections(Figure3).

Historically, theFall River flowed overa seriesoffalls into thePit River at Fall

River Mills. Now, virtually all of theFall River’s flow is divertedthroughthePit

I Powerhouseandentersthe Pit River 10 kilometers(6.2miles) below thepoint

wherethetwo rivers originallymerged(Figure 1). At present,thereareno regular

releasesofwaterinto the350-meter(0.2-mile)sectionof theFall River channel

upstreamfrom thePit River. Theonly waterin this sectiondownstreamfrom the

Fall River Weir (concretedamwith gates)is from seepage,exceptduring

occasionalfloods and spills. Belowthehistoric mouthof Fall River, thePit River
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is fed by numeroussmall springsasit flows through7 kilometers(4.3miles) of

steep-walled,moderate-gradientcanyonandoverthePit River Falls,whichare

approximately12 meters(40 feet)high(Figure 3). After the springsin thePit

River canyon(Figure3) andthewaterfrom Fall River(via thePit 1 Powerhouse)

contributetheircooling flows, thePit Riverbecomesarapid,high-volume,

moderatelycold-waterriver. WaterentersthePit River downstreamofthePit 1

Powerhousefrom severalsprings,including threemajorspring-fedtributaries:

SuckerSpringsCreek,HatCreek,andBurneyCreek(Figure 1). HatCreekis the

largestofthesetributaries;themajorityof its watercomesfrom the RisingRiver

subdrainage,whosespringsaresustainedby snowmeltfrom theLassenVolcanic

NationalParkarea(Roseetal. 1996).

Fall River andHatCreekarethetwo majorsubdrainagesin themiddlesectionof

thePit Riverdrainage. Both ofthesesubdrainagesarepredominatelyspring-fed.

Fall River originatesat ThousandSprings(Figure 1). Theonly above-ground

tributariesto theFallRiver are BearandDanaCreeks. Thechannelofthe lower

Fall River (belowits confluencewith theTule River) (Figure 1) is muchwider

thanthat oftheupperFall River,dueto abroaderfloodplainandhigherflows.

TuleRiverreceivesits waterfrom springsin its uppersections,includingBig

LakeandJa-SheCreek(Figure 1). LavaCreekandEastmanLakearethe spring-

fed headwatersof theLittle Tule River. TheTuleRiver andupperFall River each

generallycontributeabouthalfofthe700—1,500cubicfeetpersecond(cfs)total

flow in thelower Fall River.

Theheadwatersof HatCreek,andits tributaryLost Creek,areon thelowernorth

slopeofLassenPeak. Both streamsarefedby snowmeltandsmall springs. For

mostof theyear,theupper61 kilometers(38 miles) of Hat Creekaboveits

confluencewith RisingRiverremainsasmall meanderingstream. Themajority

ofwaterin lower Hat Creekcomesfrom Rising Riverand its tributaryRising

River Lake(Figure 1). Like theFallRiver, Rising Riveroriginatesasaseriesof
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largespringson theedgeof a lavafield. HatCreekis divertedto Hat 1

Powerhouseabout1.0 kilometer(0.6mile) below its confluencewith RisingRiver

atthetown ofCassel.About 5.5 kilometers(3.4miles) ofHat CreekbelowHat 1

Powerhouseis nowimpoundedto form BaumLake,which is thereservoirfor Hat

2 Powerhouse(Figure1).

Thesecondmajorsourceof springwaterin lowerHat Creekis CrystalLake,

which flows into BaumLake. TheCrystalLakeFishHatchery,operatedby the

CaliforniaDepartmentof FishandGame,is locatedneartheconfluenceofCrystal

andBaumLakes. Below BaumLakethemajorityof HatCreekis diverted

througha concreteflume to Hat 2 Powerhouse.The5.6-kilometer(3.5-mile)

sectionofHatCreekbelowHat2 Powerhousehasbeenmanagedasa wild trout

streamsince1968. A 3-meter(9.8-foot)-highfish barrierpreventsthemovement

ofbothnongamespeciesandtrout from LakeBritton into thewild trout areaof

HatCreek.

Aquatic Environment

Shastacrayfisharegenerallyfoundin thecold, clear,spring-fedheadwatersofthe

midsectionsofthePit River drainage,particularly in theheadwatersoftheFall

Riversubdrainage.In general,Shastacrayfishhabitatis definedby the

availability ofcover,orrefugia(protectedplaces),providedby cleanlavacobbles

andbouldersongravelorsand.Althoughpotentialfood resources,temperature,

andwaterchemistryconstituents(e.g.,dissolvedoxygen,calcium,pH) mayalso

limit the distributionof Shastacrayfish,therangeof theseconditionswhere

Shastacrayfisharefoundis considerable.

Substrate.During thePit 1 rarespeciesstudy (Ellis andHesseldenz1993),

substratewasidentifiedassilt, sand,BearCreekgravel,lavagravel,lavacobbles,

lavaboulders,lavabedrock,diatomaceousearth/clay(earthcomposedof the

shellsof diatoms,atypeof unicellularalgae),orearthenclumps. Substratein the
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upperFall River consistedpredominantlyoffinesediment(sandandsilt) with

patchesof lavacobblesandgravel. Portionsof thissectionhavereceived

significantdepositsofsediment,both fine andcoarsematerial,from BearCreek

during high-flow eventsin somewinters. Sedimentarymaterialsfrom BearCreek

havecreatedextensivebedsof gravelthat cover94 percentoftheupperriver

channelfrom BearCreekto Read’sBridge(Figure4). Below themouthofBear

Creek,thegravelcoversthewestsideoftheriver channelfor 0.8 kilometer(2,600

feet)downstreamto theNavigationLimit (thesouthernboundaryofSection 19,

Township38 North,Range4 East). This shallow,0.10—0.75-meter(4—30-inch)-

deepsegmentofriver constitutestheonly moderate-gradientsectionof theentire

Fall River. At theNavigationLimit theriver bendsto thewest,andBearCreek

gravelextendscompletelyacrosstheriver,burying mostlavasubstrate.Sandand

silt from theBearCreekdrainage,and local erosion,coverportionsoftheFall

River channel.The substratein the lakesandreservoirsconsistsprimarily of fine

organicsedimentwith little to no naturallavasubstrateexceptin springareas.

Lava,however,wasimportedalongtheleveesof Big Lakeandpartsof theTule

River during someperiodsofleveemaintenance.

TuleRiver, Little TuleRiver, andlowerFall River (belowthemouthof Tule

River) arevariable-temperature,slow-moving, low-gradientriversthatare

characterizedby seasonalvariationsin temperature(5—23degreesCelsius[41—73

degreesFahrenheit]) andturbidity,with warm eutrophicwater(nutrient-richand

low in oxygen)in thesummer(Ellis andHesseldenz1993). Theserivers are

moderatelywidewith an averagedepthof2.5—3.0 meters(8—10 feet). The

substratein theseriversis predominantlysilt andfine organicmatter. Although

thereis little to no natural lavasubstrate,somelavawasimportedinto theserivers

for leveemaintenanceandbridgeconstruction.

ThePit River is avariable-temperature(5—23degreesCelsius[41—73degrees

Fahrenheit]),moderate-gradient(1.6percentslope)river from its entranceinto the
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canyonat Big Eddy,3.6 kilometers(2.2miles) belowthemouthofFallRiver, to

LakeBritton, 14.2 kilometers(8.8miles) downstream(Figure5). Thesubstratein

thePit Riverconsistspredominantlyof largeboulders.

Fish. Thefish communityin themidsectionsof thePit River drainagecomprises

both nativeandnonnativespecies.Thefish communityin thespringareasis

composedof predominantlynativespecies(Table 1). Chinooksalmon

(Oncorhynchusishawyiseha)werefoundin thePit Riverprior to thecompletion

ofdownstreamhydroelectricdams. SpringrunsofchinookascendedthePit River

intoHat Creekand someevenpassedthePit River Fallsto ascendtheFall River

to its sourcenearDana(Rutter1903).

Benthic Invertebrates. Themidsectionsof thePit Riverdrainagesupporta

diversecommunityofbenthic(bottom-living) invertebrates(Table 1),

including theShastacrayfishand two introducedspeciesof crayfish. Thereis a

diversefreshwatermolluscancommunity. Severalspeciesof snailsareassociated

with thespring-fedheadwaterareas. Extensivemiddens,or wastepiles,of

freshwatermusselshellsarefoundthroughoutthedrainage,especiallyalongBig

Lakeand TuleRiver. Thesemiddensreflectbothmuskratpredationandthelong-

timehistoryof musseluseby theAchumawi andAtsugewitribes.

AquaticVegetation.Aquaticvegetation(Table 1) in thespringareasof thePit

Riverdrainagecovered0—35 percentofthebottom(benthiccoverage)(Ellis and

Hesseldenz1993). Aquaticvegetationcoveredmuchof thebottomin the

manmadereservoirssuchasPit 1 ForebayandFall RiverPond,rangingbetween

30 to 95 percent;in therivers,coveragerangedfrom 15 to 25 percent(Ellis and

Hesseldenz1993). Thevegetationin theupperFall River wasamix ofspring-

typevegetation(i.e., MyriophyllumandRhizoclonium)andriver-typevegetation

(i.e.,ElodeaandZannichellia). Vegetationcoveredabout30 percentof theupper
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Fall River (Ellis andI-Iesseldenz1993). In 1992,small patchesofspring-type

vegetationoccurredin theupperFall River abovethePG&E Pipelinecrossing,

whileextensivebedsofElodeaandZannichelliadominatedtheriver channel

downstream(Ellis andHesseldenz1993). Significantamountsofaquatic

vegetationdid notoccurin thePit River canyonupstreamof thePit 1

Powerhouse.Abovethecanyonin Big Eddypool, therewerepatchesof

Ceratophyllumassociatedwith the streambanks.Therewere afew extensivebeds

of ElodeaandZannichelliain thePit Riverdownstreamof thePit 1 Powerhouse.

F. Distribution and Population Status

To discusshistoric andcurrentpopulationstatusaswell asrestorationand

recovery,Shastacrayfisharedivided into populationsand subpopulations.

Thehistoric rangeoftheShastacrayfish(Figure6) refersto the limits ofits

geographicaldistributionanddoesnot imply that speciesdistributionwas

continuousacrosstherange.

E.O. Wilson(1992)statesthataclearly definedpopulationoccupiesanexclusive

partof therangeofthespecies.Wilsonalso cautionsthat fewsuchobjectively

definablepopulationsexist in nature,exceptfor endangeredspecieshavingsofew

organismsleft that thereis no doubtasto theboundariesofthepopulation.

Furthermore,populationscanexpand,contract,andreformsotheboundariesare

not static.

A populationof Shastacrayfishis definedasall Shastacrayfishoccupyinga

definedareathatis isolatedfrom othersimilargroups(seeLincoln etal. 1982).

Eitherphysicalbarriersordistanceisolatethesepopulationsandprecludeall

geneticexchangebetweenpopulations.ManyoftheShastacrayfishpopulations

aredivided into two or moresubpopulations.Thesesubpopulationsoccupya

27



N

/

/

/

Nj

N

/

/

/
/

/

River MIUs

/

A

/

Figure6. Theprobablehistoric rangeofShastacrayfish (E~I:::~) with five regions
createdby earlytwentiethcenturyhydroelectricdevelopmentandother
disturbances(— —).

— —

Dana creek

I

fish

Hat

28



distinct andexclusivepartofthepopulationareaandareisolatedto somedegree

from othersubpopulations.Geneticexchangeprobablyoccursbetweensome

subpopulations,at leastin adownstreamdirection.

Historic Distribution

Although it is impossibleto determinetheexacthistoric rangeanddistributionof

theShastacrayfish,informationon theancestralrangemaybe derivedfrom the

studyofthedistribution(zoogeography)andhistoryof crayfishcollectionsin this

region. Theuniquevolcanicandspringenvironmentofthis area(Figure 3)

supportsanumberofrareandendemicspecies,including sculpinandmolluscs

foundonly within theFall River systemandafew nearbyspringsin theHat Creek

andPit Riverdrainages(Moyle andDaniels1982,Taylor 1981). This distinct

zoogeographicalregionis definedby aconstantsupplyof cold, clear,springwater

andlavasubstrate.Thesehabitatconditionsdo notoccurin BearCreekorthePit

River abovethemouthofFall River andarelesscommonin thePit Riverbelow

themouthof BurneyCreekandin Hat Creekupstreamof theRisingRiver.

Shastacrayfishareconsideredarelict species,aspeciessurviving from amuch

earliergeologicera,whoseancestralrangewasreducedby geologicandrelated

climatic changes(Bouchard1978). Historic andzoogeographicalevidence,

however,indicatesthat thehistoric range(i.e., the limits of thegeographic

distribution)oftheShastacrayfishhasremainedrelativelyunchangedduring the

periodof recordedhistory (Ellis, submiffed). All knowncollectionsofShasta

crayfisharewithin the limits oftheir currentrange.

Although thelimits of its rangeappearto be relatively unchangedin historical

times,thedistributionof Shastacrayfishwithin thatrangeis probablymore

fragmentedthanit washistorically. Shastacrayfish,however,wereprobably

nevercontinuouslydistributedthroughouttheirrange. Thestrong correlation
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betweenShastacrayfishandlavasubstrate,andthediscontinuousdistributionof

lavasubstratein the drainage,indicatethatthedistributionofShastacrayfishwas

mostlikely alwayspatchy. ThedistributionofShastacrayfishhasbecome

patchierbecauselargeareasof lavasubstratehavebecomeunavailableto Shasta

crayfishduring thiscenturyasaresultofhabitatalterations(e.g.,excavations,

impoundments,waterdiversions,and sedimentation)andthecolonizationof lava

substrateby introducedcrayfish.

Manyof thedisjunctpopulationsof Shastacrayfishareisolatednotonly by

distance,butby naturalbarriersor by manmadebarriers,suchashydroelectric

development.GiventhatShastacrayfishonceoccurredin theFall River atFall

RiverMills andprobablyoccurredin themainstemHat CreeknearCassel(Faxon

1914),it is likely that Shastacrayfishoccurredat othersitesbetweenpresent

populationlocations.

AlthoughShastacrayfisharenot knownto movegreatdistancesfrom their

habitat,theyhavedispersedinto andcolonizednewareaswhenhabitatwas

createdby theadditionoflavasubstrate,suchasaroundbridgeabutmentsand the

leveesin theupperTuleRiver subdrainage(upperTuleRiverrefersto thesection

ofriverthat widensaroundHorr Pondandcontinuesto Big Lake). In somecases,

Shastacrayfishmayhavehadto movethroughareaswithout lavasubstrateto

reachnewhabitat. EventhoughShastacrayfishprobablydid notoccupynonlava

substrateareas,dispersalthroughtheseareaswould haveplayeda key role in gene

flow (i.e., theexchangeofgeneticmaterialbetweenpopulationsthrough

interbreeding)andallowedmaximumuseof islandsof lavasubstrate.Periodic

dispersalofafew individuals from anotherlocation,evenif restrictedto

downstreammigration,couldresultin adequategeneflow to maintainthe genetic

variability of thespecies.Thelossof lavasubstratein historic timeshasrestricted

thedispersalof Shastacrayfish,isolatedsubpopulations,andcreateddisjunct

populations.
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Additional evidenceofthehistoric distributionof Shastacrayfishhasbeen

derivedfrom thehistoricalfoodhabitsoftwo majortribesof Pit River Indians,

theAchumawi(Fall Riverandsouthside ofthePit River) andAtsugewi(Hat

Creek),who usedcrayfishasafood supply(Voegelin1942). TheseNative

Americansbuilt stonefish trapsin theshallowspringareasoftheFall andPit

Riversto catchSacramentosuckers(Catostomusoccidentalis)duringspawning

(Evans1987,DreyerandJohnson1988). Thestonefish traps in theheadwatersof

theFall Riverhadthegreatestdensitiesof Shastacrayfishbecausethelava

boulderandcobblewallsandlavacobbleandgravelsubstrateofthetraps

providedexcellenthabitatfor Shastacrayfish. Although thereis little information

on theuseofcrayfishby earlyAmericans,theavailabledatagive no indicationof

abroaderhistoric rangefor theShastacrayfish. No crayfishwerereportedin the

nativeenvironmentalongtheupperPit River (Voegelin1942).

Current Distribution

TheHat Creekmudflow of 1915,whichwastriggeredby aneruptionofLassen

Peak,resultedin amassivefish kill throughoutthemainstemof HatCreek

(Merrill 1916,Bryant1918, CaliforniaDepartmentofFish andGame1920). This

mudflowwould haveisolatedShastacrayfishin thetributariesofHat Creekby

destroyingShastacrayfishandShastacrayfishhabitatin themainstemofHat

Creek. Thedevelopmentof thePit 1 andHatCreekhydroelectricprojectsin

1920—1922separated(1) theFall Riverdrainagefrom thePit River; (2) thePit

Riverfrom mostof theHatCreekdrainage;and(3) themiddlesectionof theHat

Creekdrainage,includingRockCreekandCrystalLake,from theRisingRiver

subdrainageand upperHatCreek(Figure6).

TherangeoftheShastacrayfishwasdivided intoat leastfive areasthatwere

geographicallyisolatedby majorphysicalbarrierscreatedduring thehydroelectric

developmentofthearea(Figure6): (1) theFall Riverdrainageupstreamfrom the
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Pit 1 DiversionDam; (2) theFallRiver betweenthePit I DiversionDamandthe

Fall RiverWeir; (3) thePit River, includingSuckerSpringsCreekandlowerHat

Creekdownstreamfrom theHat 2 Powerhouse;(4) CrystalandBaumLakesand

RockCreek;and5) theRisingRiver subdrainageandFlat Creekupstreamof

Cassel. In 1946,theFall River wasfurtherdividedby theconstructionofthePit

1 ForebayDam. In 1968,constructionofafish barrierdamjust upstreamfrom

themouthofHatCreekfurtherdivided HatCreekandthePit River. Thisdam

createdawaterfallthatpreventedfish from movingupstreamfrom LakeBritton

into HatCreek(M. Ellis, pers.comm.).

As a resultofconstructionofthesephysicalbarriersandotherdisturbancesthat

createdlargestretchesofunsuitablehabitat,Shastacrayfishcurrentlywere

isolatedgeographicallyinto eightpopulations(Figure7); however,only seven

populationsremainin existence.TheFall Riverpopulation,whichwasprobably

originally muchmorecontinuousthanpresent,is now separatedinto four

geographicallyisolatedpopulations: (1) upperFallRiver, (2) SpringCreek,(3)

LavaCreek,and(4) upperTuleRiver, including Ja-SheCreek,upperTuleRiver,

andBig Lake. The(5) FallRiver,Fall RiverMills populationis considered

extirpated(i.e.,no longerexists). Theremainlngpopulationsincludethe(6) Pit

River, (7) HatCreek,Cassel,and(8) RisingRiverpopulations.Theseven

existingpopulationscompriseseverallocationsorsubpopulationsthat mayor

maynothavegeneticexchangethroughinterbreeding(Table2).

Thefirst comprehensivesurveyof Shastacrayfishwasconductedby Daniels

(1980,Eng andDaniels1982). In 1990,PG&E initiatedthemostthoroughand

extensivesurveyseverundertakenin thearea(Ellis 1991a, 1993a, 1 994a,1995,

1996a,1996b,HesseldenzandEllis 1991,Ellis and Hesseldenz1993). Ellis

(1996c)providesan in-depthhistoryofall investigationsinvolving Shasta

crayfishandahistoryandlist ofall knownmuseumcollectionsof Shastacrayfish.
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Table2. Shastacrayfishpopulationstatus’,ownership,threats,and suggestedrestorationactions(Figures4, 5, and8).

Population Status2 Nonnative Owner Threats SuggestedRestoration
Subpopulation Invasion3

Upper Fall River

Thousand
Springsfish trap
cove

Thousand
Springsold
propertyline

Fall River sand
springs

RainbowSpring

Fall Riverabove
Navigation
Limit

S

S

S

PS

SorD

N Private,restrictedaccess;
managedaswildlife refuge

N Private,restrictedaccess;
managedas wildlife refuge

N Private,restrictedaccess

N Private,restrictedaccess

Y(SC) Private,restrictedaccess

Signalcrayfishinvasion

Signalcrayfish invasion

Signalcrayfishinvasion;
BearCreekgraveland
sediment

Signalcrayfishinvasion

BearCreekgraveland
sediment;shortageof non-
embeddedlavasubstrate;
further invasionsand
interactionswith signal
crayfish

Install barrieratNavigation
Limit; supportlandowner’s
management

Install barrieratNavigation
Limit; supportlandowner’s
management

Install barrieratNavigation
Limit; supportlandowner’s
management;restoreBear
Creekmeadow

Install barrieratNavigation
Limit

Install barrieratNavigation
Limit; restoreBearCreek
meadow;uncoverembedded
lavasubstrate

Fall Riverbelow
Navigation
Limit

NS Y(SC) Private,navigable

Populationstatusandthe presenceof non-nativecrayfish speciesas of surveysconductedbetween1991 - 1995
2 5~ stable;D= decreasing;PS=presumedstable(lastsurveyed1985);NS=notself-sustaining;PE presumedextirpated;E= extirpated;ID insufficientdata

N=no; Y=yes;SC=signalcrayfish;VC= virile crayfish



Table2. Shastacrayfishpopulationstatus~, ownership,threats,andsuggestedrestorationactions(Figures4, 5, and8).

Population
Subpopulation

Status2 Nonnative
Invasion3

Owner Threats SuggestedRestoration

Fall River at
Fletcher’sBend

D Y(SC) Private,navigable BearCreeksediment;
shortageofnon-embedded
lavasubstrate;further
invasionsandinteractions
with signalcrayfish

RestoreBearCreekmeadow;
addlavacobblesand
boulders;install exclusion
fencingalongFall River

Fall River at
Lennihan’s
Footbridge

D Y(SC) Private,navigable BearCreeksediment;
shortageof non-embedded
lavasubstrate;further
invasionsandinteractions
with signalcrayfish

RestoreBearCreekmeadow;
addlavacobblesand
boulders; install exclusion
fencingalongFall River

Spring Creek

Uppercoves S N Private,restrictedaccess;
managedas wildlife refuge

Signalcrayfish invasion Fortify barrierat SpringCreek
Roadcrossing(culverts),

continuesignalcrayfish

eradicationupstream

Lower fish trap
cove

S N Private,restrictedaccess;
managedas wildlife refuge

Signalcrayfish invasion;
shortageof lava
cobble/bouldersubstrate

Fortify barrierat SpringCreek
Roadcrossing;addlava
cobblesandboulders,

continuesignalcrayfish
eradicationupstream

Populationstatusandthepresenceof non-nativecrayfish speciesas of surveysconductedbetween1991 - 1995
2 S= stable;D~ decreasing;PS=presumedstable(lastsurveyed1985);NS=notself-sustaining;PB = presumedextirpated;E= extirpated;ID insufficientdata

N=no;Y=yes; SC=signalcrayfish;VC= virile crayfish



Table2. Shastacrayfishpopulationstatus’,ownership,threats,andsuggestedrestorationactions(Figures4, 5, and8).

Population
Subpopulation

Status2 Nonnative
Invasion3

Owner Threats SuggestedRestoration

LavaCreek

Ivy Horr’s
northernpond

E N Private,restrictedaccess;
managedas wildlife refuge

Introducedlargemouthbass

LavaCreekeast
arm

Sor D N? Private,restrictedaccess;
managedaswildlife refuge

Signalcrayfish invasion Install barrierat outflow;
supportlandowner’s
management

LavaCreekwest
arm

S or D N? Private,restrictedaccess;
managedaswildlife refuge

Signalcrayfishinvasion Install barrieratoutflow;
supportlandowner’s
management

Between
confluenceof
armsand
outflow

D Y(S) Private,restrictedaccess;
managedfor fly-fishing

Furtherinvasionsand
interactionswith signal
crayfish

Install barrieratoutflow;
supportlandowner’s
management;signalcrayfish
eradication

LavaCreek
outflow

D Y(SC) Private,restrictedaccess;
managedfor fly-fishing

Furtherinvasionsand
interactionswith signal
crayfish

Install barrieratoutflow;
signalcrayfisheradication

‘Populationstatusandthepresenceofnon-nativecrayfishspeciesasof surveysconductedbetween1991 - 1995

2 5~ stable;D~ decreasing;P5 presumedstable(lastsurveyed1985); N5 notself-sustaining;PE= presumedextirpated;E= extirpated;ID insufficient data

N=no;Y=yes;SC=signalcrayfish;VC=virile crayfish



Table2. Shastacrayfishpopulationstatus~, ownership,threats,andsuggestedrestorationactions(Figures4, 5, and 8).

Population Status2 Nonnative Owner Threats SuggestedRestoration
Subpopulation Invasion3

UpperTule River

Eastshoreupper
Tule River

Southshore
upperTule
River

SouthshoreBig S or D
Lake

EastBig Lake S or D

D Y(SC) PG&E; managedfor seasonal
cattlegrazing

D Y(SC) PG&E; managedforseasonal
cattlegrazing

N?
(1 VC in

1994)

PG&E; leveesfenced;Wildlife
HabitatImprovementArea
(WHIP) andMcArthur swamp
managedfor wildlife and
seasonalcattlegrazing

N PG&E(lake/riverbed)

Absenceof lavasubstrate;
dredging;furtherinvasions
andinteractionswith signal
crayfish

Absenceof lavasubstrate;
dredging;further invasions
andinteractionswith signal
crayfish

Furthernonnative
invasions/introductionsand
interactions;lavasubstrate
shortage;dredging

Signal crayfish invasion

Substrateadditionsto create
habitatandstabilizelevees;
leveebankstabilizationwith
nativegrasses;eliminate
dredging

Substrateadditionsto create
habitatandstabilizelevees;
leveebankstabilizationwith
nativegrasses;eliminate
dredging

InstallbarriernearRatFarm;
substrateadditionsto create
habitatandstabilizelevees;
leveebankstabilizationwith
nativegrasses;eliminate
dredging;signalcrayfish
eradication

Install barriernearRatFarm

Populationstatusandthepresenceof non-nativecrayfishspeciesasof surveysconductedbetween1991 - 1995
2 ~= stable;D decreasing;P5 presumedstable(lastsurveyed1985); NS not self-sustaining;PE = presumedextirpated;E= extirpated;ID insufficientdata

N=no;Y=yes; SC=signalcrayfish;VC= virile crayfish



Table2. Shastacrayfishpopulationstatus~, ownership,threats,andsuggestedrestorationactions(Figures4, 5, and8).

Population
Subpopulation

Status2 Nonnative
Invasion3

Owner Threats SuggestedRestoration

NortheastBig
Lake

S N PG&E(lake/riverbed);CDPR
(AhjumawiLavaSpringsSP)

Signalcrayfish invasion Install barriernearRatFarm;
substrateadditions

NorthBigLake S N PG&E Signalcrayfish invasion Install barriernearRat Farm

Big Lake
Springs

S N PG&E (lake/riverbed);CDPR
(Ahjumawi LavaSpringsSP)

Signal crayfishinvasion Install barriernearRatFarm

NorthwestBig
Lake

S N PG&E (lake/riverbed);CDPR
(Ahjumawi LavaSpringsSP)

Signal crayfishinvasion Install barriernearRatFarm;
substrateadditions

Northeastupper
Tule River

D Y(SC) PG&E (lake/riverbed);CDPR
(Ahjumawi LavaSpringsSP)

Furthersignalcrayfish
invasionsandinteractions;
virile crayfishinvasion;
absenceof lavasubstrate

Install barriernearRat Farm;
substrateadditionsto create
habitatandstabilizelevees;
signalcrayfisheradication

HorrPond
levees

S N PG&E(riverbedon southside
of levees);CDPR (Ahjumawi
LavaSpringsSP)

Signalcrayfish invasion;
absenceof lavasubstrate

Substrateadditionsto create
habitat

Tule Coves Sor D Y(SC) PG&E(lake/riverbed);CDPR
(AhjumawiLavaSpringsSP)

Furthersignalcrayfish
invasionsandinteractions

Install barrier; signalcrayfish
eradication

CrystalSprings,
Cove,andInlet

S or D Y(SC) PG&E(lake/riverbed);CDPR
(AhjumawiLavaSpringsSP)

Furthersignalcrayfish
invasionsandinteractions

Installbarrier

Populationstatusandthepresenceof non-nativecrayfishspeciesasof surveysconductedbetween1991 - 1995
2 S= stable;D= decreasing;PS=presumedstable(lastsurveyed1985);NS=not self-sustaining;PE= presumedextirpated;E= extirpated;ID insufficientdata

N=no;Y=yes;SC=signalcrayfish;VC= virile crayfish
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Table2. Shastacrayfishpopulationstatus’,ownership,threats,andsuggestedrestorationactions(Figures4, 5, and8).

Population
Subpopulation

Status2 Nonnative
Invasion3

Owner Threats SuggestedRestoration

Ia-SheCreek
headwaters

S N? PG&E(waterrights);CDPR
(AhjumawiLavaSpringsSP)

Signalcrayfish invasion Install barrieratAhjumawi SP
Roadcrossing;signalcrayfish
eradication

Fall River, Fall
River Mills

Fall River Pond PE Y(SC/VC) PG&E -- --

Pit River

Pit River Falls ID Y (VC) PG&E Interactionswith virile
crayfish;signalcrayfish
invasion; waterquality

Determinedistribution,
abundance,andrelative
abundancein mainstem

Pit River
Canyonspring

ID Y(SC/VC) PG&E Interactionswith virile and
signalcrayfish;waterquality

Determinedistribution,
abundance,andrelative
abundancein mainstem

SuckerSprings,
Pond3

D Y(SC) PG&E Signalcrayfish invasionsand
interactions;shortageof lava
cobble/bouldersubstrate

Install barrierat downstream
endof Ponds4 and5; signal
crayfish eradication;substrate
additions

‘Populationstatusand the presenceof non-nativecrayfish speciesasof surveysconductedbetween1991 - 1995

2 S= stable;D= decreasing;PS=presumedstable(last surveyed1985); NS=not self-sustaining;PE = presumedextirpated;E= extirpated;ID insufficientdata
N=no;Y=yes; SC=signalcrayfish;VC=virile crayfish



Table2. Shastacrayfishpopulationstatus’,ownership,threats,andsuggestedrestorationactions(Figures4, 5, and8).

Population
Subpopulation

Status2 Normative
Invasion3

Owner Threats SuggestedRestoration

SuckerSprings,
Ponds4 ands

D Y(SC) PG&E Shortageof lava
cobble/bouldersubstrate;
furthersignalcrayfish
invasionsandinteractions

Install barrieratdownstream
endof Pond3; signalcrayfish
eradication;substrate
additions

Pit River sand
pits

E? Y(SC) PG&E Interactionswith signal
crayfish;waterquality

Determinedistribution,
abundance,andrelative
abundancein mainstem;
install exclusionfencing

Hat Creek, Cassel

CrystalLake
southwest
springs

D Y(SC) PG&E Furthersignalcrayfish
invasionsandinteractions

Install barrieratoutflow;
signalcrayfisheradication;
excludeor removecattlefrom
shoreline

CrystalLake
middle cove

D Y(SC) PG&E Furthersignalcrayfish
invasionsandinteractions

Install barrieratoutflow;
signal crayfisheradication;
excludeor removecattlefrom
shoreline

‘Populationstatusandthepresenceof non-nativecrayfishspeciesasof surveysconductedbetween1991 - 1995

2 S= stable;D= decreasing;PS’ presumedstable(last surveyed1985);NS=notself-sustaining;PE= presumedextirpated;E= extirpated;ID = insufficientdata
3N=no; Y=yes;SCsignalcrayfish; VC virile crayfish
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Table2. Shastacrayfishpopulationstatus~, ownership,threats,andsuggestedrestorationactions(Figures4, 5, and8).

Population Status2 Nonnative Owner Threats SuggestedRestoration
Subpopulation Invasion3

D Y(SC) PG&E Furthersignalcrayfish
invasionsandinteractions

Install barrierat outflow;
signalcrayfish eradication;
excludeor removecattlefrom
shoreline

NS Y(SC) PG&E

RisingRiver
RanchBridge

Rising River
Footbridge

RisingRiver
outflow channel

N PG&E, CDFG divertsover90%
of waterto CrystalLakeFish
Hatchery

N Private,restrictedaccess;
managedas wildlife refuge

N Private,restrictedaccess;
managedas wildlife refuge

N Private,restrictedaccess;
managedas wildlife refuge

Waterdiversion,fishery
management

Signal crayfishinvasion

Signal crayfishinvasion

Signal crayfish invasion

Releasemorewater;possible
Shastacrayfish refugeabove
diversion

Install barrierupstreamof
confluencewith Hat Creek;
supportlandowner’s
management

Install barrierupstreamof
confluencewith Hat Creek;
supportlandowner’s
management

Install barrierupstreamof
confluencewith Hat Creek;
supportlandowner’s
management

Crystal Lake
outflow

BaumLake

Rock Creek E

Rising River

S or D?

S or D?

S

‘Populationstatusandthepresenceof non-nativecrayfishspeciesas of surveysconductedbetween1991 - 1995

2 S= stable;D decreasing;PS presumedstable(last surveyed1985);NS=not self-sustaining;PE= presumedextirpated;E= extirpated;ID = insufficientdata

N=no; Y=yes; SC=signalcrayfish;VC= virile crayfish



Table2. Shastacrayfishpopulationstatus’,ownership,threats,andsuggestedrestorationactions(Figures4, 5, and 8).

Population
Subpopulation

Status2 Nonnative
Invasion3

Owner Threats SuggestedRestoration

RisingRiver S or D? N Private,restrictedaccess; Signalcrayfish invasion Install barrierupstreamof
Lake managedas wildlife refuge confluencewith Hat Creek;

supportlandowner’s
management

‘Populationstatusandthe presenceof non-nativecrayfish speciesasof surveysconductedbetween1991 - 1995
2 S= stable;D= decreasing;PS=presumedstable(last surveyed1985);NS=notself-sustaining;PE= presumedextirpated;E= extirpated;ID insufficient data

N—no; Y=yes; SC=signalcrayfish;VC= virile crayfish



Land Ownership. Most of theShastacrayfishpopulations,including thelargest

populations,arelocatedonprivateland. Thelargestlandownerof waterfront

propertyin themidsectionsofthe Pit River drainageis probablyPG&E, which

ownspropertyalongthePit River (includingSuckerSpringsCreek)andin the

upperTuleRiver drainageandportionsof the lowerHat Creekdrainage

(including propertyalongHat Creek,CrystalLake,andBaumLake). PG&E also

leasessomeof its propertyto CaliforniaDepartmentofFishandGame,including

SuckerSpringsCreekandpropertyalongCrystal andBaumLakesto operatethe

CrystalLakeFishHatchery. CaliforniaDepartmentof ParksandRecreationowns

landin theupperTuleRiver drainage(i.e.,Ahjumawi LavaSpringsStatePark).

Most oftheBearCreekdrainage,which is managedastimberlands,is privately

owned. Table2 summarizesthestatus,landownership,currentthreats,and

suggestedrestorationactionsfor all populationsof Shastacrayfishby geographic

area,basedondatacollectedduringsurveysconductedbetween1991 and1995.

Upper Fall River Population (ThousandSprings). TheFall River is fed by

numerousspringsfrom its origin at ThousandSpringsandDana(Figure4). In

addition,two surfacerunoffstreams,BearCreekandDanaCreek,join Fall River

within thefirst 1.5 kilometers(0.9mile) downstreamof ThousandSprings. The

tendencyfor flashflooding in thesesubdrainagesandtheirpotentialfor producing

largeamountsofsedimentshavenegativelyinfluencedsomeofthe Shasta

crayfishsubpopulationsin recentdecades.Although theShastacrayfish

populationin theupperFall River is fragmentedand dividedinto a numberof

disjunctsubpopulations,geneticexchangeis possibleandevenlikely amongsome

ofthesesubpopulations.Geneticexchangebetweenmoredistantsubpopulations

becomesincreasinglydoubtful. BecauseShastacrayfishgenerallydo notmove

greatdistances(Ermanet al. 1993;M. Ellis, unpubl. data1991,pers.observ.)

exceptwheretheyarewasheddownstreamby thecurrent,theoccurrenceof

geneticexchangeis probablygreaterin, if not restrictedto, thedownstream

direction. Consequently,populationsat theextremeendsprobablyaregenetically

distinct from eachother.
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Spring Creek Population. Spring Creek is a large, spring-fed tributary to the

upperFall River(Meinzer1927)(Figure4). ThelargestpopulationofShasta

crayfish,estimatedat over4,000individuals,is foundin SpringCreekupstream

ofthefour culvertsattheSpringCreekRoadcrossing.Undernormalflow

conditions,theculvertsatthe SpringCreekRoadcrossingappearto createa

combinationphysicallvelocitybarrierto theupstreaminvasionofsignalcrayfish,

whichwere foundimmediatelybelowthecrossing.

Shastacrayfishwerefirst reportedat SpringCreekin 1978(Daniels1980).

Shastacrayfishwerefound in the spring-fedcoveswith lavasubstrateon the

westernsideof SpringCreek. Geneticexchangeis probablyoccurringbetween

crayfishin theuppercoves(Ermanet al. 1993). Thedistributionofboth lava

substrateandShastacrayfishwasprobablyoncemorecontinuousthroughout

SpringCreekthanit is now.

Lava Creek Population.Four large,spring-fed,lavasinkholepools feedinto

LavaCreek,which feedsinto theLittle TuleRiver at EastmanLake. Theeastand

westarmsofthecreekmeet500meters(0.4mile) abovetheLavaCreekoutflow,

thepoint whereLavaCreekflows intoEastmanLake(Figure4). Shastacrayfish

havebeenfoundthroughoutLavaCreekwherevertherewassuitablelavahabitat

(Ellis 1 996c). Becauselavasubstrateis foundthroughoutmostof thestream,

Shastacrayfishhadan almostcontinuousdistributionthroughoutLavaCreekas

recentlyas1991. WhenMcGriff surveyedLavaCreekin 1985,thespilloverinto

EastmanLakeseemedto actasavelocity barrier(i.e., therateof waterflow was

apparentlysufficientto preventupstreammigrationofsignalcrayfish). McGriff

found signalcrayfishimmediatelybelowtheoutflow in EastmanLake(D.

McGriff, unpubl. data1985).

Upper Tule River Population. TheupperTuleRiver subdrainageis fedby two

largespring-fedtributaries: Ja-SheCreek(fed by CrystalSpringsandCrystal

Inletandspringsin theJa-SheCreekheadwaters)andBig Lake(fed by Big Lake

Springsandspringsin NorthBig Lake)(Figure8). Thespring-fedTule Coves
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feedinto theTuleRivereastof theconfluenceofJa-SheCreek. Shastacrayfishin

theupperTuleRiver werefoundin two distinctlydifferenthabitattypesthathad

only lavasubstratein common:theheadwaterspringareasandthemanmade

levees.Thespringareaswerecharacterizedby constanttemperature,flow, and

clarity, andthelavasubstratein the immediatespringareaswasclean,with

relatively little silt. TheheadwaterspringareasoftheupperTuleRiver areeither

partof, orborder,Ahjumawi LavaSpringsStatePark. Shastacrayfishwerealso

foundin northeastBig LakeandnorthwestBig LakeborderingAhjumawi Lava

SpringsStatePark. Althoughtheseareasdo notseemto be spring-fed,thereis

accessiblelavasubstratefor thecrayfish. Theseareasmayhavebeenassociated

with springsthatwere not flowing atthetime of thesurveys. A fewShasta

crayfishhavealsobeenobservedunderthecobblesandlargebouldersalongthe

eastshoreof Big Lake. Shastacrayfishon the southshoreof Big Lakeandthe

shoresof theupperTuleRiverwere associatedwith the leveesystembuilt at the

turnof thecentury;mostwerefoundunderlavarocksimportedin the 1930’sto

helpmaintainandreinforcethe levees. Shastacrayfishwerefoundon the

maintainedleveesalongPG&E’s McArthur Swampandon theold levees

borderingAhjumawiLavaSpringsStateParkland,on thesouthshoreof Big

Lake, andalongthenorthshoreoftheupperTuleRiver (Figure8).

Fall River, Fall River Mills (Fall River Pond)Population. Although Shasta

crayfishsurvivedthediversionof theFall River in 1922andtheconstructionof

thePit I Forebayin 1945, thespeciesprobablyno longerexistsat this location

(Figure7). Sincethediversion,habitatfor Shastacrayfishhasprobablybeen

marginal. Fall River Pondis almoststagnant,generallyeutrophic,with large

seasonalfluctuationsin watertemperature(5—25 degreesCelsius[41—77 degrees

Fahrenheit]),an overabundanceof aquaticvegetation,andlargedaily fluctuations

in dissolvedoxygen. Thereis an abundantpopulationof nonnativefish, including

largemouthbass,greensunfish,and bluegill. Largemouthbassand greensunfish,

bothknowncrayfishpredators,mayhavebeenintroducedsometimebetween

1974and 1978(R. Daniels,unpubl.data1974and 1978;Eng andDaniels1982).
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Thelastdetectionsatthis locationwereof onelive Shastacrayfishin 1974 (R.

Daniels,unpubl.data1974)andonedeadonein 1978 (R. Daniels,unpubl. data

1978). No Shastacrayfishwerefoundduring surveysbetween1990 and1995

(Ellis andHesseldenz1993,Ellis 1996c). Both speciesofnonnativecrayfish,

signalandvirile crayfish,arenow foundin Fall RiverPond.

Pit River Population. Shastacrayfishprobablywereoncepresentin areasof

suitablehabitatthroughoutthePit RiverbetweenFallRiver andHatCreek,an

areafedby numerousspringsanda large,spring-fedtributary, SuckerSprings

Creek. Althoughdisturbanceanddestructionofhabitatandtheinvasionof

nonnativespeciesprobablyhavereducedthesuitability ofmuchof this habitat,

Shastacrayfishhavebeenfoundin threelocationsin themainstemPit River (two

upstreamandone downstreamof thePit 1 Powerhouse)andin SuckerSprings

Creek(downstreamof thePit 1 Powerhouse)(Figure5).

Theonly historicalrecordsof Shastacrayfishin themainstemPit River werefrom

thePit River sandpits in 1978(R. Daniels,unpubl.data)andattheoutflow ofa

spring in thePit River canyonin 1980(L. Eng,unpubl.data). Daniels(unpubl.

data)foundeight Shastacrayfish,aswell asvirile crayfish,in themainstemPit

River nearthesandpitsbelowthe StateHighway299 Bridgeon threedatesin

1978;only signal crayfishwerefoundin this areain a 1995 survey(Ellis 1 996a).

OnedeadjuvenilemaleShastacrayfishwasfoundnearasmall springupstreamof

thePit 1 Powerhousein 1980(M. Rode,pers.comm. 1995). AlthoughEng

suggestedthatthis crayfishmighthavebeenfrom SuckerSprings(Eng and

Daniels1982),it is unlikely thatthis crayfishtraveledalmost2.5 kilometers(1.5

miles) upstreamthroughalmost2-percent-gradientrapids. In August 1995,one

deadjuvenilemaleShastacrayfishwasfoundunderacobblein theoutflow area

ofthespring(Ellis 1996a). In addition,both signal andvirile crayfishwerefound

(Ellis 1 996a). In 1995,fourShastacrayfishwerefound in slowwater

immediatelyupstreamof thePit River Falls(Ellis 1 996a). Virile crayfishwere

fairly numerousin theareaaswell (Ellis 1996a).
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Downstreamfrom thePit 1 Powerhouse,SuckerSpringsCreekhasapopulation

of Shastacrayfishthathasbeenisolatedfrom theFallRiverandHatCreek

populationssinceatleast1922andprobablyrepresentsauniquegenepool

(Figure5). AlthoughShastacrayfishhavebeenfoundin thethreedownstream

ponds(Ponds3, 4, and5)oftheold CaliforniaDepartmentofFishandGameFish

Hatchery,thecurrentdistributionof Shastacrayfishis mostlyrestrictedto the

springareain Pond3 (Ellis 1996b).

Hat Creek, CasselPopulation. Hydroelectricdevelopmentoftheareahas

changedlower HatCreekdownstreamofthetown ofCassel. CrystalLake,a

spring-fedtributarynearCassel,however,remainsmostlyunmodifiedandnow

supportsa Shastacrayfishpopulationinvadedby signalcrayfish. Hat Creek

below theoutflow from CrystalLakehassincebeenimpoundedto form Baum

Lake. TheoccasionalShastacrayfishfoundin BaumLakebelowtheoutflow

from CrystalLakeareprobablywash-downsfrom CrystalLake(Ellis 1994a).

TheShastacrayfishin BaumLakeareprobablynot a self-sustaining

subpopulation.Signalcrayfisharevery abundantnearthe inflow from Crystal

Lakeandcommonthroughouttherestof BaumLake(Ellis 1 994a).

RockCreekis anaturalspring-fedcreek,1.4kilometers(0.9mile) long, that

flows into BaumLakeapproximately30.5 meters(100feet)downstreamfrom the

Hat 1 Powerhouse(Figure5). RockCreekis fed by waterfrom RockSpring and

two spring-fedponds,RockPondandCastro’sPond,neartheCassel-FallRiver

Road. RockCreekwasonceamajor spawninggroundfor browntrout, and

Shastacrayfishwereoncecommon(L. Kerns,pers.comm. 1997, 1998). The

populationofShastacrayfishin Rock Creekhasbeenextirpatedasa resultof

chemicaltreatmentsandwaterdiversionfor theCrystalLakeFishHatchery.

RisingRiverPopulation. TheRising River subdrainageis the largestcontributor

of waterto Hat Creek. Thespringsthat form RisingRiver andRisingRiver Lake

arefed by snowmelt from LassenPeak. Althoughmostofthespringareasin

RisingRiverandRisingRiver Lake(Figure5) appearto havegoodhabitatwith
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anabundanceoflavasubstratefor Shastacrayfish,no Shastacrayfishwerefound

associatedwith any ofthespringsin theRisingRiver subdrainage(Ellis 1995).

ThemainShastacrayfishpopulationis in theoutflow channelofRisingRiver

Lake. Thispopulationwasfirst discoveredin 1978andis the largestpopulation

in theRisingRiver subdrainage.During 1994surveys,two newlocationsof

Shastacrayfish,bothassociatedwith bridgesites,werefoundin themainstemof

theRisingRiver upstreamfrom the RisingRiver Lakeoutflow channel(Ellis

1995).

G. Reasonsfor Declineand Current Threats

Althoughsettlersof Europeandescentdid notcometo thePit Riverdrainageuntil

themid-1 800s,humanactivities in theareasincethattimehaveresultedin habitat

lossand fragmentation.Thepotentialfor hydroelectricpowerfrom thePit River

drainagewasfirst notedin 1875(Scupman1875). Thewaterpowerpotentialof

theFall River wasthemajorreasonthetown ofFallRiver Mills wasfounded.

DevelopmentoftheFall RiverandHat CreekValleysfor hydroelectric

productionbeganin 1920. Major landreclamationandwaterdiversionprojects

for agricultureand cattlegrazingbeganevenearlierin theFall RiverValley.

Theseactivitieswould havefurtherdivided thepopulationofShastacrayfishinto

isolatedpockets.Theintroductionofnonnativespeciesof fish andcrayfishinto

thedrainagehasalsohadasignificantnegativeimpacton Shastacrayfish. Many

speciesoffish introducedinto the areaareknownto prey on crayfish(Table1).

Theintroducedcrayfishcanbe predatorsandcompetitorsoftheShastacrayfish.

In addition,naturaldisturbancesresulting from the eruptionsofLassenPeak,

floods, anddroughthavelikely hadasignificantnegativeimpacton Shasta

crayfish.

Hydroelectric Development

Hydroelectricdevelopment,including theoperationoffourpowerhousesin the

midsectionsofthePit River, representedoneofthefirst broad-scaledisturbances
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to theShastacrayfishpopulation. Therangeof Shastacrayfishandotheraquatic

specieswasdivided into at leastfive regionsby 1922(see“CurrentDistribution

andPopulationStatus”)dueto habitatalterations,suchasexcavations,river

impoundments,waterdiversions,inundations,andchangesandreductionsof

flows. Someofthehabitatalterationsdecreasedtheamountofavailablelava

substrate.

Somesecondaryeffectsresultingfrom hydroelectricoperationsand management

in theareaincludeincreasedsiltationandwatertemperatureanddecreased

dissolvedoxygencontentin impoundedsections.ThePit 1 Projectimpounded

andlordewateredregionswhereShastacrayfishwerefound in theFall River at

FallRiver Mills (typelocality; see“Taxonomy”). Downstreamfrom thePit 1

Powerhouse,thePit River hasdaily fluctuationsin flow thatcanresultin overa

meter(3-foot) differencein theheightof waterin someareasanddewateringof

themargins. Thesedaily fluctuationscreateafreshwater“intertidal” region; few

organismsareadaptedto takeadvantageofthe changinghabitat. ThePit River

upstreamof thePit 1 Powerhousehasa reducedflow.

Fishingand FisheriesManagement

Six majoractivities associatedwith fisheriesand fisheriesmanagementhave

affectedShastacrayfish: (1) the introductionof nonnativecrayfishspecies;(2)

the introductionof nonnativegamefish speciesto providesport fishing, with or

withoutthe sanctionofCaliforniaDepartmentof FishandGameandother

agencies;(3) the introductionof potentialcrayfishpathogensby introduced

species;(4) themanagementof hatcheriesandhatcherytrout; (5) therestoration

andimprovementof wild trout habitat;and(6) crayfishing. Theseactivitieshave

contributedto theobserveddecreasein thedistributionandabundanceof Shasta

crayfish.

NonnativeCrayfish Introductions.Within the last two decades,two speciesof

nonnativecrayfishhavebeenintroducedinto themidsectionsof thePit River
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drainage.Thevirile crayfishwasintroducedin the 1960’s,andthe signalcrayfish

wasintroducedin the 1970’s. Theintroductionof bothspeciesprobablyresulted

from anglingandthe useofcrayfishasbait (Eng andDaniels1982). Although

thefirst nonnativecrayfishto be introducedinto thearea(Bouchard1 977a),virile

crayfishhavesincebeenreplacedthroughoutmostoftheirrangeby signal

crayfish. The signalcrayfishhasrapidlyexpandedits rangethroughoutmostof

thePit River drainageand occurswith Shastacrayfishin at leastaportionof five

ofthesevenpopulations(Table2). Therapidexpansionof signalcrayfishhas

beenlinked to thediminisheddistributionof Shastacrayfishwithin their range

(Ellis 1 996d). Virile crayfisharepotentialcompetitorsof Shastacrayfishin the

newlydiscoveredsubpopulationin thePit River (Ellis 1 996a)upstreamof thePit

1 Footbridge(Figure5). InteractionsbetweenShastacrayfishandvirile crayfish

havenotbeenstudied.

Signalcrayfishhaveall thecharacteristicsofaclassicinvadingspecies(Ehrlich

1989);theyare larger,moreaggressive,fastergrowing,earliermaturing,produce

moreoffspring(Figure 9, Table3, Abrahamsson1971; Flint 1975;Goldmanetal.

1975;Fiirst 1977;Eng andDaniels1982;M. Ellis, pers.observ.),andhavea

largernativerangethanShastacrayfish. Signal crayfishalsohaveabroaderdiet,

greaterphysicaltolerance(e.g.,to watertemperatureandquality), and ahigher

daytimeactivity ratethanShastacrayfish(Ellis andHesseldenz1993). In

contrast,Shastacrayfishareslowergrowing,with a long generationtime,a

smallernativerange,amorerestricteddiet, anarrowertolerancerangeofphysical

conditions,andasmallerbody sizeat all agesthan signalcrayfish(Table3,

Figure9; Daniels1980;Engand Daniels1982;M. Ellis, pers.observ.).

Signalcrayfishgenerallyaretwice thesizeof Shastacrayfishat eachageclass

(Figure9),primarily dueto afastergrowthratethatgivessignalcrayfisha

competitiveadvantageover Shastacrayfishof thesameage. Additionally, signal

crayfishbecomefree-living days,weeks,or evenmonthsbeforeShastacrayfish

(M. Ellis, pers.observ.). Signal andShastacrayfishpopulationsusethesame
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Table3. A summaryandcomparisonofthelife history traits ofShastacrayfish
andsignalcrayfishin themidsectionsofthePit River drainage.
Life History Shastacrayfish Signal crayfish
Trait

Maximum Size’ 58.70mm (2.35 in) 74.65mm (3.0 in)
Mean Size 26mm (1.04in) 28—54mm(1.12—2.16in)

Sexual Maturity
FemaleAge 5th year 2nd—3rd year
FemaleSize 27 mm (1.08in) 36mm (1.44in)2
Male Age 5th year 2nd—3rd year3
Male Size — 36 mm (1.44in)2
Reproduction one brood/season one brood/season
Mating Season late Sept/Oct late Sept/Oct
Spawning Oct/Nov Oct/Nov
Number ofEggs 10—70eggs/female 20—200eggs/female
Egg Diameter 3.1—3.45mm (0.12—0.14in) 2.3—3.0mm (0.09—0.12in)

Average= 3.3 mm(0.13 in)
Egg Hatching late May/early July May
First Instar attached,4—S mm (0.16-0.2 attached

in)
SecondInstar clinging with claws clinging with claws

5—7 mm (0.20—0.28in)
late June May/earlyJune

Third Instar free-living free-living
5—7 mm(0.20-0.28in) 7—9 mm(0.28—0.36in)
mid-lateJuly earlyJune

Young Of the
Year (VOY) 7—8 mm (0.28—0.32in) 13—16 mm (0.52—0.64in)
End of Season October October

SizeClasses
0+ 5—8 mm (0.20—0.32in) 7—17 mm (0.28—0.68in)
1± 8—14mm(0.32—0.56in) 18—30mm(0.72—1.2 in)
2± 15—19mm (0.60—0.76in) 31—41 mm (1.24—1.64in)
3+ 20-26mm(0.80-1.04in) 42—52 mm (1.68—2.08in)
4+ adult 27 mm (1.08in) 53—64 mm (2.12—2.56in)

Growth 1—3 mm (0.04—0.12in)/molt 5—10 mm (0.20-0.40in)/molt2
Source: adaptedfrom Ellis andHesseldenz(1993)

All lengthsreportedastotalcarapacelength(TCL) (1 millimeter [mm]= 0.04 inch fin])
2 Pac~fastacusleniusculusin Sacramento-SanJoaquinDelta(McGriff 1983)
‘ Pac~faseacusleniusculusin BerryCreek(Mason1975)
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rocksfor refugeandeatsomeofthesamefoods(exploitativecompetition)(Ellis

1 993b). Signalcrayfishareaggressiveandcannibalistic,andShastacrayfishdo

not changetheirbehaviorto avoidsignalcrayfish(Ellis in prep.,Ellis 1 996d),

makingShastacrayfishvulnerableto competitionandpredation.

TherehasbeenconsiderableconcernabouthybridizationbetweenShastaand

signalcrayfish. Therehasbeenno evidence,however,ofanyhybridoffspringin

anyof thepopulations,includingCrystal Lake,whichwas invadedby signal

crayfishin 1978. Themoreaggressivesignal crayfishmalesmaymatewith

femaleShastacrayfishwheretheyoccurtogether.Theabsenceof hybrid

individuals,however,would indicatethat only nonviableeggsareproducedfrom

matingsbetweenthetwo species,whichcouldeffectively reducethereproductive

outputoffemaleShastacrayfishto zerofor theyear(reproductiveinterference).

This typeof reproductiveinterferencecanbe costlyto Shastacrayfishbecause

theyarcslow-growing,late-maturing,andhavelow fecundity(producefewer

offspring). Reproductiveinterferencein conjunctionwith differencesin

aggressionandsusceptibilityofyoungcrayfishto predationweremajorfactorsin

thereplacementofonespeciesby anotherspeciesofcrayfish(Butler and Stein

1985).

Nonnative Fish Introductions. Theintroductionofexoticspeciesof fish and

crayfish,whicharepotentialpredators,competitors,and sourcesofnewdiseases

andpathogens,is oneof thebiggestthreatsto thecontinuedexistenceofthe

Shastacrayfish. Many speciesofnonnativegamefishwere intentionally

introducedinto themidscctionsof thePit Riverdrainageto providesport fishing

opportunities. Someof theseintroductionswerewithout thesanctionof

CaliforniaDepartmentof FishandGameandotheragencies.Browntrout,

largemouthbass,smallmouthbass,blackcrappie,greensunfish,blackbullhead,

brownbullhead,andchannelcatfishhaveall beenintroducedwithin therangeof

the Shastacrayfishand areall knownto prey on crayfish(CrockerandBarr 1968,

Taub1972,Rickett 1974). Commoncarp,which havealsobeenintroducedin the

area,eatinvertebratesliving on river and lakebottoms. In particular,largemouth
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andsmallmouthbassand greensunfishareknownto be voraciouspredatorson

crayfish.

Potential Crayfish Pathogens. There is alwaysadangerthatthe introductionor

invasionofanewspecieswill be accompaniedby theintroductionofother

organisms,suchaspathogens,parasites,andcommensals(an organismthatmay

derivesomebenefitfrom living on anotherorganism,but neitherharmsnor is

parasiticon its host). Thetransferofparasitesanddiseaseswith the introduction

ofexotic speciescan havecatastrophicconsequences,suchasthecrayfishplague

in Europe. In this case,the introducedspecieswasresistantto thepathogenit

carried,so thatonly thenative specieswasdevastated(Unestam1973, 1975,von

Broembsen1989). Organismsthat areharmlessto theirhostspeciesin its natural

environmentmaybecomeaggressivein a newenvironmentor whenintroducedto

anewspecies(Unestam1975,von Broembsen1989). Almosthalfofthe

locationswhereShastacrayfisharecurrentlyfoundalsohavesignalcrayfish

(Lowery andHoldich 1988)(Tables2 and4), whichcarrymanydiseasesand

pathogensthatareprobablyforeignto Shastacrayfish(Ellis 1994b).

Branchiobdellidanwormsaresegmentedworms,or annelids(PhylumAnnelida)

that are commensaloncrayfishanddo notgenerallyharmthecrayfishhost. The

wormsmaybe foundon theclaws orchelae,in or aroundthegill chambers,oron

themouthpartsofsignalcrayfish. Only onespeciesofthis worm hasbeen

documentedto be parasiticon crayfish(GrabdaandWierzbicka1969).

Twobranchiobdellidanspecies,MagmatodrilusobscurusandSathodrilusshastae

(Goodnight1940,Holt 1967, 1981),areknownonly from Shastacrayfish(Ellis

1996d). Theformerspecieswasgenerallypresentin all Shastacrayfish

populationsandabundantin many(Ellis 1 996d). The latterspecieswasonly

commonon Shastacrayfishin theoutflow channelofRisingRiver Lake,and

threespecimenswerefoundon one Shastacrayfishin CrystalLake(Ellis 1996d).

Threebranchiobdellidanspecieswerefoundon signalcrayfishwithin therangeof

Shastacrayfish: Xironogitonvictoriensis,Cambarincolagracilis, andSathodrilus
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attenuatus.Thefirst two of thesespecieswere alsofoundon Shastacrayfish

(CrystalLake,mainstemFall River, SuckerSpringsCreek,andLavaCreek),but

Xironogitonvictoriensis,themostabundantspeciesfoundon signal crayfish,was

foundmostoftenon bothShastaandsignalcrayfishwherethetwo speciesoccur

together(Ellis 1 996d). This specieswasfoundon Shastacrayfishin five of the

six locationswheretheyoccurredwith signalcrayfish.

Theintroductionofnewspeciesof thesewormsto Shastacrayfishprovides

anotherpotentialsourceof pathogensandparasites(Hobbsetal. 1967),as

branchiobdellidanworms showevidenceofhavingparasitesoftheirownandare

intermediatehostsfor theeggsandlarvaeofotherparasiticworms(Unestam

1969,BrinkhurstandGelder1991). Signalcrayfishin Californiaalsocarry

parasitesthat haveneverbeendocumentedin Shastacrayfish(MeGriff andModin

1983).

Signalcrayfishalsocarryseveraldiseases,includingthoseresultingfrom fungal

(crayfishplague),protozoan,bacterial,andviral agents. Signalcrayfishboth

carryandareresistantto thefungusthatcausescrayfishplague(Unestam1969).

Theresistanceof Shastacrayfishto crayfishplaguehasneverbeentested.

Recently,anewvirus wasdiscoveredin signal crayfish(Hedrick 1995),but the

effectson thehostareunknown(Groffetal. 1993; R. Hedrick,pers.comm.

1994). Theviruswasfoundin signalcrayfishfrom CrystalLakein theHat Creek

drainageofnortheasternCalifornia,butwasnot foundin signalcrayfishfrom Ja-

SheCreek(Fall Riverdrainage).Additional researchwill investigatethepotential

relationshipbetweenthedeclinein Shastacrayfishwith therecentlyreportedviral

infectionsin signalcrayfish(Hedrick 1995).

Entocytheridostracods,freshwatercrustaceans(musselorseedshrimp)that

dependon theirhostsassites forreproductionandrearingof young(Young

1971),arecommensalson crayfish. Peritrichciliates(PhylumCiliophora)are

protozoansthat areoftenfoundcolonizingtheexternalsurfaceof bothShastaand

signalcrayfishgiving thecrayfisha“funy” appearance(M. Ellis, pers.observ.).
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Diatoms(Division Chrysophyta)andblue-greenalgae(Division Cyanophyta)are

commonon theexteriorsurfaceof crayfish(Hobbset al. 1967;Holt 1986;M.

Ellis, pers.observ.).

Hatchery Management. Various activities associatedwith themanagementof

CaliforniaDepartmentof FishandGame’sPit River andCrystalLakefish

hatcherieshaveadverselyaffectedShastacrayfish. Manyoftheseactivitiesare

relatedto eradicatingtheprotozoanCeratomyxashasi~a,which is present

throughoutmostof themidsectionsofthePit River drainage. Ceratomyxa,a

parasitethatinfectstheorgansofmostsalmonidfish, is presentin the lower Hat

Creekdrainage,includingCrystalLakeandRisingRiver, aswell astheFall River

drainageandthemainstemPit River. Ceratomyxais fatal to mostnonnative

strainsofrainbowtrout (Schafer1968). Becausethenativetrout areresistantto

theprotozoan,Ceratomyxahasbeenbeneficialin maintainingthegenetic

integrityofthenativePit Riverstrainof rainbowtrout.

Rotenoneandchlorinewereusedto eradicateintermediatehostsfor Ceratomyra

in CrystalLakein 1949(Schafer1968)and 1963(M. Berry, pers.comm. 1995)

andin RockCreekin 1963(Schafer1968). ThechemicaltreatmentofCrystal

Lakemostlikely killed manyShastacrayfish;individualslocatednearthesprings

mayhavesurvived,however,dueto theinflux of freshwater.

In 1950,CaliforniaDepartmentofFishandGameconstructedadam0.7

kilometers(0.4mile) belowRock Springanddivertedthemajority ofthe 24-cfs

flow from RockCreekthrougha 1.0-kilometer(0.6-mile)-longaqueduct(culvert)

to theCrystalLakeFishHatchery.Over90 percentof thedischargeofRock

Creekis divertedthroughtheculvertto thehatchery. Approximately2 cfsofthe

24-cfsdischargeofRockCreekstill flows in its channelinto BaumLake.

CaliforniaDepartmentof FishandGamealso constructedacatchmentdevice,

approximately100 meters(328feet)upstreamfrom BaumLake,whichfunneled

waterfrom RockCreekinto a 15-meter(49-foot)-longpipeandcreatedadry
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sectionofchannelthat is abarrierto fish passage.Thechemicaltreatmentand

waterdiversionin RockCreekextirpatedShastacrayfishatthat location.

In 1964,CaliforniaDepartmentofFishandGameleasedpropertyon Sucker

SpringsCreekfrom PG&E andbeganconstructionof thePit RiverFishHatchery

(Figure1) within and adjacentto theSuckerSpringsCreekchannel.Heavy

machinerywasusedin thestreamchannelto removeboulders,andShasta

crayfishweremostlikely crushed.Almost all ofthepreferredsubstratefor Shasta

crayfish,lavacobbleandboulders,wasremovedexceptaroundtheareaofthe

spring in Pond3. River gravelwasplacedin thechannelto facilitatehatchery

operations.Heavymachinery,suchasbackhoesandtractors,were alsousedin

thechannelofSuckerSpringsCreekfor majormaintenanceofthehatchery

ponds,suchasaftertheflood of 1986(L. Draper,pers.comm. 1995).

Electroshockingwasusedin thepondsfor trout management.Prolonged

exposureto electroshockingcankill crayfish.

A damacrosstheSuckerSpringsCreekupstreamhascausedsiltationand

sedimentation,eliminatingany remainingShastacrayfishhabitatupstream.The

damhasalsoimprovedhabitatfor snails(Fluminicolaspp.)thatarethe

intermediatehost for thegill fluke,acommonparasitethatcauseshatcheryfish

mortality.

SuckerSpringsCreekwaschemicallytreatedon severaloccasionsaseithera

treatmentfor, or preventionof, sometrout diseases(West1969). In 1994, 1,088

kilograms(2,400pounds)of saltwasaddedto thestreamto exterminatesnails

(Flurninicola spp.)(R. Elliott, in litt. 1995). Salting is anonspecifictreatmentthat

canbe harmfulor evenlethal to Shastacrayfish. In addition,Fluminicolaspp.is

presumedto be amajorfood resourcefur Shastacrayfish.

Concreteweirswith four 2.4-meter(8-foot)- long woodenflashboardswereused

to divide thepondsandto increasewaterdepthby backingwaterup in the
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channeluntil it flowedovertheflashboards(West 1969). Theseweirsactedat

leastaspartialbarriersto theupstreammigrationofsignal crayfish. During

normalhatcheryoperations,theflashboardswereneverremovedfor longerthana

fewhoursatthemost. In 1996,theflashboardswereremovedfor daysto months

to allow flushingoftheponds(M. Ellis, pers.observ.).Theremovalofthe

flashboardsdewateredmostofthelavacobbleandboulderhabitatfor Shasta

crayfish,forcingany surviving crayfishinto theremainingshallowwaterin the

middleofthechannelwith no protectivecover. Thisactionalsoallowedthe

invasionof signalcrayfishinto thepure(allopatric) Shastacrayfishpopulationin

Pond3.

Wild Trout Management. To createadditionalspawninghabitatforwild trout,

PG&E addedriver gravelto theoutflow areaofCrystalLakein 1965 (27cubic

meters[30 cubicyards])and 1971 (82cubicmeters[90cubicyards]). Heavy

machinerywasusedto placegravelattheoutflow areaon top ofthe largest

concentrationofShastacrayfishin CrystalLake. Shastacrayfishwould have

beenkilled by thedumpingof gravelandtheheavymachinery.Cobbleor

boulderswereplacedon topofthegravel,therebyimprovingthehabitatfor the

survivingShastacrayfish.

As partofCaliforniaDepartmentofFishandGame’swild troutprogram,a

sectionoflower Hat Creekwaschemicallytreatedin 1968 to reducethenongame

fish population. This treatmentkilled nearly6,349kilograms(7 tons)offish from

the5.6-kilometer(3.5-mile)projectareaandwould alsohavekilled any Shasta

crayfish.

Crayfishing. Thereareno recordsof theextentor impactsof crayfishingthat

occurredeitherhistorically from thePit River Indiansandearlysettlersor in more

recenttimes. In 1981,CaliforniaDepartmentofFishandGameclosedthe

midsectionsofthePit Riverto crayfishingandtheuseof crayfishasbait in an

attemptto protecttheShastacrayfish. Changesto thesport fishing regulationsin
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1994and 1998nowallow crayfishingin mostof thedrainagewherethe

introducedspeciesareabundant.It is still illegal to usecrayfishasbait in thePit

Riverandall tributariesbetweenthePit 3 Dam(LakeBritton) andtheFallRiver-

CasselRoadBridgeatFall River Mills, California,includingHat Creekandthe

Fall River andtheirtributaries(Figure5). Otheractivitiesrelatedto fishing and

fisheriesmanagementmentionedabovehavehadagreatereffect on Shasta

crayfishthancrayfishing.

Land Reclamation

As earlyas1903,theMeArthur family ofFall RiverValley beganconstructionof

approximately20 kilometers(12 miles) of leveesto reclaim18 squarekilometers

(7 squaremiles) of marshlandfor agricultureandcattlegrazing. Theselevees

confineBig Lake,Tule River,andLittle TuleRiver in theirpresentchannels.The

effectof this landreclamationprojecton Shastacrayfishhasbeenmixed. The

lavarock importedto reinforcetheleveescreatedadditionalhabitatfor Shasta

crayfish. Thedredginggenerallyusedto build andmaintainthe leveesandthe

cattlegrazingon thereclaimedswampland,however,haveresultedin the

degradationor lossof Shastacrayfishhabitatthroughincreasedsiltation,lossof

riparianhabitat,bankdestabilization,andeutrophicationof thesystem.

Shastacrayfishwerefirst notedon theleveesalong thesouth shoreofBig Lakein

1978(R. Daniels,unpubl.data;EngandDaniels1982). Duringsurveys

conductedfor PG&E in 1991 and1992,Shastacrayfishwerefoundunderthelava

rocksandboulderson theabandonedleveeseparatingHorr Pondfrom TuleRiver

at theboundaryof Ahjumawi LavaSpringsStatePark,aswell asthesouth shore

ofBig Lake(Ellis 199la, 1993a,Ellis and Hesseldenz1993). Shastacrayfish

werealso foundon theleveesalongtheupperTuleRiver,eventhoughmostof the

lavarocksin this areahavebeenburiedor embeddedby later dredging. Shasta

crayfishalongthesouthshoreoftheupperTuleRiver showedremarkable
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flexibility in theiruseofhabitatby usingburrows,wood,andthefew accessible

lavarocksasrefugia.

Sedimentation

Sedimentationin themidsectionsof thePit Riverdrainagehasbeencausedby a

combinationofactivities including (1) channelization,(2) dredging,(3) logging,

(4) forestfires, (5) culvertsand bridges,(6) agriculture,(7) grazing,and(8)

muskratactivity.

Channelization. With its drainageareaof217 squarekilometers(84square

miles), BearCreekis theonly majorsedimentsourcein theFall Riversystem.

Prior to its channelization,circa 1960,BearCreekmeanderedgraduallythrough

themeadowatthe lowerendofits watersheduntil it flowed intoMallard Creek

(Figure4). Thesinuouschannelandbroadfloodplain moderatedthe impactsof

high-waterflows andallowedthemeadowto accumulateandstoremuchofthe

sedimentbroughtdownfrom theupperwatershed.

ChannelizationofBearCreekin the lowermeadowchangedtheinteraction

betweenBearCreekandits floodplain. As aresultofchannelization,themeadow

becamean activesourceof sedimentasBearCreekcutdownthroughits bedand

banks(R. Poore,unpubl.data). Thefloodplainhasbeenlargelyabandoned,and

thesedimentationrateandamountofsedimentdepositedinto theFall Riverhas

beengreatlyaccelerated.

Themovementofa largequantityofsediment(gravel,sand,andsilt) from the

BearCreekwatershedthatresultedfrom highflows in BearCreek,particularlyin

1986,continuesto impacttheupperFall River(Ellis and Hesseldenz1993).

Largersediment,suchasBearCreekgravel,hasbeendepositedin thehigher

gradientsectionbetweenthemouthof BearCreekandtheNavigationLimit.

Although it providessubstantialtrout andsuckerspawninghabitat,BearCreek
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gravelhasburiedcrayfishandsculpinhabitatfrom themouthofBearCreekto the

NavigationLimit (M. Ellis, pers.observ.).Sandandsilt from BearCreekis

transportedfurtherdownstreamandimpactsportionsoftheFallRiver from the

NavigationLimit to theSpringCreekBridge(M. Ellis, pers.observ.).Patchesof

substrateclearofsandandsilt do exist,however,in theupperFall River

downstreamoftheNavigationLimit, particularlynearbendsandchannel

constrictions(M. Ellis, pers.observ.).This demonstratesthatthestream

hydraulicsaresufficientto movefinesedimentthroughcertainsectionsofthe Fall

River. In theseareasofcleansubstrate,aquaticvegetationappearsto be

recovering(M. Ellis, pers.observ.).

Themovementofsedimentfrom BearCreekhasnot beenbroughtundercontrol

andcontinuesto poseathreatto themainstemFall River. Giventhelow gradient

of themainstemFall River,it will bemanyyears,if ever,beforeBearCreek

sedimentsalreadyin theriver arecompletelyflushedthroughthesystem. Shasta

crayfishwereprobablyoncefoundthroughouttheupperFallRiver whereverlava

substratewaspresent.BearCreeksedimentsmayhaveburiedformerShasta

crayfishsubpopulationsandhabitatin theupperFall River. Thetwo locationsin

themainstemFall RiverwhereShastacrayfishwerefoundin 1990—1993arein

seriousdangerof destruction.TheseupperFall River subpopulationsface

continuedandcompoundedthreatsbecauseof mobile sedimentsandcrowdingby

signal crayfishinto these“islands”ofhigherqualitysubstratepreferredby both

species.

ThesectionofHat Creekupstreamfrom theconfluencewith Rising River was

channelizedin the 1950’sby theArmy Corpsof Engineersin ajoint venturewith

privatepropertyownersalong upperHatCreek. TheArmy CorpsofEngineers

undertooktheprojectbecausefarmersandranchersin theupperwatershedwere

complainingthat sedimentwasinundatingtheirwaterdiversionsaftertheHat

Creekmudflow of 1915. Beforechannelization,this4.8-kilometer(3-mile)

sectionof HatCreekhad multiple channelsthat allowedsedimentto be deposited
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on thecreek’sfloodplain. Channelizationincreasedtherateof sediment

movementout oftheupperdrainageanddepositedthesedimentin lowerHat

Creek. ThesedimentationoflowerHatCreekcoveredlavagravel,cobbles,and

boulderswith fine sediment.Thesectionof Hat Creekbetweenthe confluenceof

RisingRiver andthetownofCasselchangeddramaticallyastheriffle filled in

andthesectionimmediatelyaboveit becameabraidedchannelandlagoon(L.

Kems,pers.comm. 1997). Thecrayfish,bivalves,fish, and river ottersall

disappearedfrom thelower sectionafterHat Creekwaschannelized(L. Kerns,

pers.comm. 1996).

Dredging. Beginningin 1903,approximately19.3 kilometers(12miles) of

leveeswereconstructedto holdBig Lake,TuleRiver, andLittle TuleRiver in

theirpresentconfiguration. Damageto theleveesby floods, wind andwave

erosion,cattlegrazing,and muskratactivity haverequirednumerousrepairsover

the last90 years. Between1903andthepresent,theleveeswereprimarily

repairedusingmaterial dredgedfrom thebottomof the lakeandrivers. During

two periods, 1915—1940and 1952—1962,therewasno dredgein operationso

repairandmaintenanceofthe leveeswasaccomplishedusing importedmaterials,

includingbasaltlavacobbleandbouldermaterial.

Dredgingoperationscanbury benthicorganisms,particularlyspecieswith lower

mobility. If materialis depositedon thewatersideofthelevees,lavasubstrate

canbeburied. A decreasein theamountofbasaltlavasubstrate,especiallywhere

it is alreadylimited suchasthesouthshoreoftheTule River, resultsin a

significantlossofhabitatfor Shastacrayfishandotherspeciesthatdependon that

substrate.Dredgingoperationsalso increasetheamountofsuspendedparticulates

in thewater,which increasesturbidity and sedimentationin thevicinity of the

dredgingoperationsanddownstream.

Logging. Someforestmanagementpracticesin theBearCreekwatershedhave

contributedsedimentto BearCreek. BearCreekis theprimary sourceofsurface
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runoffinto theFallRiver, eventhoughit is intermittentand seasonalin partsof its

lowerwatershed.BearCreekhascontributedsubstantialsedimentto theupper

Fall River in recentdecades.Althoughmostof thewatershedhasbeenwell-

managed,pastandpresenttimberharvestpractices,particularlyin areaswith

steeperslopes,havecontributedandcontinueto havethepotentialto contribute

sedimentto BearCreek. Otheractivitiesassociatedwith timberharvesting,such

asstreamcrossingsandroadconstructionanduse,havealsocontributedsediment

to BearCreek.

ForestFires. Forestfires, andany subsequentsalvageloggingoperations,have

thepotentialto contributesedimentinto adjacentwatercourses.Most of theFall

RiverandHatCreekflow throughnonforestedvalleyfloors wheretherisk of

impactsfrom fires is minimal. Theentire watershedof BearCreekwasoriginally

forested,with the exceptionof afewmeadowsandlavaflows (T. McCammon,

pers.comm. 1998). In 1977,thePondosafire burned9,531 hectares(23,446

acres)in themid-watershedofBearCreekdownstreamof Pondosa,California

(CaliforniaDepartmentofForestry,unpubl.data). Reforestationefforts in the

Pondosaburnareahavebeensuccessful,althoughsomesmall-acreageareashave

not yet recoveredaforestedcanopy. Referto theprevioussectionon loggingfor

theeffectsof loggingandsedimentationin BearCreek.

Culverts and Bridges. Roadandrailroadcrossingsover streamsandrivers

typically involve placingculvertsorconstructingbridges. Thesestructureshave

thepotentialto significantly impactratesoferosionandlocal sedimenttransport

anddelivery. Culvertsandbridgesareusuallytoo small to dealwith extreme

flood flow. Whenhigh floods occur,watermaybebackedupbehindthe

structurescreatingheadpressures(pressurecreatedby thedifferencein thetwo

elevationsofwater)andflow velocitiesoutsideof thedesignspecificationsof the

structures.Undersuchconditionsthe structuresmayfail. Typically waterbacks

up until it beginsto flow overthetop ofthe roadorrailroad;asit fallsbackinto

thestreamchannel,it beginsto scourandunderminetheroad andthestructures.
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Evenif the structuresdo not fail, increasedscourdueto increasedheadpressure

canhavenegativeimpactson thestreambedandbanksdownstreamofthe

structure. If astructurefails, theresultantflood wavecancarryexcessiveloadsof

sedimentanddebrisdownstreamto thenextstructure,creatingapotential

cascadingeffectofstructuresbeingoverwhelmedandfailing throughoutthe

watershed.

Therailroad culvert in theupperwatershedofBearCreekon thesouth fork has

failedmultiple timesandhascontributedsedimentto BearCreek. Therepeated

railroadcrossingfailuresin 1986and 1997werecausedby waterimpoundedby

undersizedandpresumablyblockedculvertsduring flood events.Whenthe

railroadcrossingeventuallyfailed, thereleaseofthe impoundedwaterscouredthe

streambedandbanksdownstream.During 1997,a culvertbecameblockedon the

south fork ofBearCreekattheStateHighway89 crossing,probablydueto the

failure oftherailroadcrossingupstream.Theblockedculvertcreatedalakeon

theupstreamsideof theculvert. Whentheculvert cleared,thereleasedflow

resultedin substantialscouringdownstreamof theculvert.

Agriculture. Theprimarylandusein theFall River andHat CreekValleys is

pasture.Landis alsocultivatedfor potatoes,grains,and,mostrecently,wild rice.

Wild ricepondscouldbe asourceofnutrients,pesticides,andsedimentfor the

river contributingto adeclinein waterquality thatwould negativelyimpactthe

abundanceanddiversity ofaquaticinsectsandotherinvertebrates,aswell asthe

fishery. Theeffectsofwild rice farminghavenot beenstudiedsince1984, when

a studydeterminedthatrice farminghadeitherunineasurableor insignificant

effectson waterquality in theFallRiver (Lewis 1985)

Grazing. The impact of livestock grazing in the riparian zonealong the rivers

andlakescanbe seenthroughoutthemidsectionsofthePit River drainage.

During thelast5 years,however,significantprogresshasbeenmadein fencing

livestockoutoftheriparianzone. PG&Efencedtheentire MeArthurSwamparea
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alongtheupperTuleRiver andBig Lake. Many landownersin theupperFall

River haveeitherfencedtheirpropertyor arecurrently workingto do so. Cattle

grazingin themeadowsofBearCreekhasalsohadanegativeimpactonBear

Creek. Two ofthesemeadows,however,havebeenfencedin thelast few years.

Theriparianzoneofoneofthesemeadows(Long Ranch)is alreadybeginningto

heal(M. Ellis, pers.observ.).

Whencattleandotherlivestockgrazeriparianvegetation,thebanksofthestream

channelcanbecomemorevulnerableto erosionandmechanicalbreakdown.In

addition,livestockcanphysicallybreakdownstreambanks.Erosionand

breakdownofthebanksresultsin over-wideningofthechannel,whichdecreases

theability ofthestreamto transportsediment. In additionto increased

sedimentation,bankandriparianzonedestruction,and over-widenedstream

channels,grazingcanalsoresultin nutrientloading. All oftheseprocesses

contributeto the lossof lavasubstrateandhabitat.

Muskrat Activity. Muskratsarenotnativeto themidsectionsofthePit River

drainageor to mostofCalifornia(Storer1938). Muskratswereintroducedinto

theFallRiver drainagearound1930 fromthe Mount ShastaFurFarmsnext to Big

Lake(Storer1938). By 1938,muskratswerefoundthroughouttheFall Riverand

lower Hat Creekdrainages(Storer1938). Theburrowingof muskrats,in

conjunctionwith livestockgrazing,causesbankerosionandbreakdown,which

contributessedimentto waterways. Muskratsalsoprey on crayfish. Muskrat

activity alongtheleveesof upperTuleRiverhasanegativeimpacton Shasta

crayfish. Thecontroland/oreradicationof muskratpopulationsin thewatershed

would be beneficialto Shastacrayfish.

GeothermalDevelopment

PreliminarydataindicatethattheMedicineLakeHighlandsis therechargearea

(sourceof water)for theFall Riversprings(Roseetal. 1996). Since1981,the
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Bureauof LandManagementhasissuednumerousleasesfor thepurposeof

exploringanddevelopinga geothermalresourcewithin theMedicineLake

Highlandsarea. Inthe last2 years,geothermaldevelopmentoftheMedicine

LakeHighlandsfor powergenerationhasbeenproposedfortwo areas:Fourmile

Hill PowerPlantin 1995andTelephoneFlat PowerPlantin 1997. Another

exploratorydrilling projectwithin theGlassMountainKnownGeothermal

ResourceAreawasalso proposedin 1995. Environmentalassessmentsand

FindingsofNo SignificantImpactwerepreparedfor bothofthe 1995project

proposals.TheAlturus ResourceAreaoftheBureauof LandManagement,U.S.

ForestService,ModocNationalForest,U.S. Departmentof Energy,Bonneville

PowerAdministration,andSiskiyouCountyAir Pollution ControlDistrict are

jointly preparingan EnvironmentalimpactStatement/EnvironmentalImpact

Reportfor theproposedTelephoneFlat GeothermalDevelopmentProject.

If geothermaldevelopmentorexplorationofMedicineLakeHighlands

contaminatesthefreshwaterthatrechargestheFall River springssystem,wide-

scaleextirpationofmostShastacrayfishpopulationscouldresult. Becausethe

majorityofbothpopulationsandindividuals of Shastacrayfisharefoundin the

Fall Riverdrainage,theextirpationofthe FallRiverpopulationsofShasta

crayfishwould likely leadto thespecies’extinction.

TheinterconnectionbetweentheshallowfreshwaterthatrechargestheFall River

springssystemandthedeepergeothermalgroundwatershouldbe determined

beforefurtherexplorationor developmentoftheMedicineLakeHighlandsis

done. Perturbationsto oneofthesegroundwatersystemsmayresultin

disturbanceoftheother(R. Pooreetal., in litt. 1997). Therechargeareasand

theirdegreeof interconnectivitywith thespringsin themidsectionsofthePit

River drainageshouldbedetermined.Theserechargeareasshouldbeprotected

from all potentialdisturbances,suchasgeothermaldevelopmentandwater

diversions.
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Investigationsusing isotopehydrologyto determinetheorigin andsubsurface

pathsofgroundwaterhavebeenconductedfor HatCreekbasin(Roseet al. 1996)

andareproposedfor Fall Riverbasin(Davissonetal. 1997). Isotopes(atomsof

thesameelementbutwith slightly differentmasses)presentin watercanbe

highly diagnosticgroundwatertracers,providingspecificinformationregarding

thewater’sorigin.

Further Water ResourceDevelopment

Any proposalsfor developmentofthewaterresourcesin thearea,including the

rechargearea,thatentaildiverting,removing,impounding,or otherwise

impactingthedischarge,temperature,chemistry,or clarityof thewatershouldbe

thoroughlyinvestigatedprior to development.Particularattentionshouldbe

directedatany developmentsthatwould directlyimpactthedischarge,

temperature,chemistry,orclarity ofthespringsorwaterin themidsectionsofthe

Pit Riverand/orShastacrayfishhabitat.Restrictionson developmentmaybe

necessary.

Velocity Barriers

Roadconstructionandassociatedbridgesandculvertsat streamcrossingshave

createdat leastpartialvelocity barriersat Spring,Lava,andJa-SheCreeks,which

probablyactedto furthersubdivideShastacrayfishwithin theFall River drainage.

Thesebarriershaveservedamorebeneficial rolein the last two decadeshelping

to slowtheexpansionof signal crayfishinto Shastacrayfishhabitat.

Natural Disturbances

Hat Creek Mudflow of 1915. On May 19, 1915,lavaflowed overthesouthwest

andnortheastsidesofthecrateron LassenPeak. Thenortheastflow melteda

deepsnowbankcreatingaflood ofwater,condensedsteam,mud,andashthat
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plungeddownthemountainsidethroughHat Creekand its tributaryLost Creek.

Themudflowsweptdownapproximately30 kilometers(19 miles) ofHatCreek,

cuttinga400-meter(0.25-mile)-widepaththroughforestsandripping bark off

treesalmost6 meters(20 feet)abovetheground. Thewall ofmud demolished

cabinsandhomesteads,crushedtrees,anddepositedup to 6 meters(20 feet)of

mudanddebrison fertile meadows(U.S. NationalParkService1974,Schulz

1990).

Althoughmostofthemudwasdepositedin theuppersectionsof theHat Creek

drainage,thesheervolumeofwaterandsedimentthatreachedlowerHat Creek

would haveresultedin considerablescouringanddeposition. Accordingto

CaliforniaDepartmentofFishandGameReports,all trout in themainstemHat

Creekwereeitherwashedout orkilled by themudflow andfloods associatedwith

theearlyeruptionsofLassenPeak(Merrill 1916,Bryant 1918,California

DepartmentofFishandGame1920). Shastacrayfishin mainstemHat Creek

would also havebeeneitherburiedin mudor sweptdownstreamby the

tremendousmudflow. This mudflowisolatedShastacrayfishin thetributariesof

Hat Creek(Rising River,RisingRiverLake,RockCreek,andCrystalLake).

High Flows, Floods, and Drought. The100-yearflood of 1986causedthePit

Riverto overflowits banks,scouringits channelaswell assomeofthespring-fed

tributaries,includingSuckerSpringsCreek. Althoughoncecommonlyobserved,

Shastacrayfishbecamea raresightaftertheflood (L. Draper,pers.comm. 1995).

Sincethemajority ofremainingShastacrayfishlive in thespring-fedheadwaters

ofthe drainage,scouringfrom floods andhigh-watereventsis nota seriousthreat.

Shastacrayfishin SuckerSpringsCreek,however,haveexperiencedseveralhigh-

watereventsfrom thenearbyPit River, suchasthehigh flows (up to 15,000cfs)

in thePit River canyonduringthespringof 1995(U.S. GeologicalSurvey,

unpubl.data). Shastacrayfishsurvivedhighflows in themainstemPit River in

1964, 1986,1993, 1995, and 1996;however,the impactsofhighflows on Shasta

crayfishin thePit River areunknown.
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In 1986,highflows in BearCreekresultedin theflooding of areasin theupper

Fall River. Theresultingmovementof largeamountsofsedimentfrom theBear

Creekwatershedcontinuesto impacttheupperFall River. High flows since1986

haveclearedsedimentfrom portionsoftheupperchannelandinundatedportions

ofthechanneldownstreamfrom theinitial plugofsediment.

A shortageof waterfor extendedperiodsoftime hasbeenacommonproblemin

thelast20 years. Although it is unclearwhetherthe7-year(1987—1993)drought

affectedShastacrayfishpopulations,thevolume ofwaterin therivers was

substantiallylower thannormal,andseveralspringswereno longerflowing

duringthelastyearofthedrought. Althoughthebaseflow in theFallRiver is

generallyaround1,200—1,400cfs, it fell to only 675 cfsbeforethedroughtended

(Roseet al. 1996). Therateof siltationandtheresultantlossof habitatwould

haveincreasedthroughoutthePit Riverdrainageduringthis periodbecause

flushing in thespringareaswasreducedwhentheflows decreased.Lava

substratein areaswherethespringshavestoppedflowing rapidlybecomessilted

overwithouttheflushing providedby thespringflow.

Habitat Changesand Threats To Individual Populations

Table2 detailscurrentthreatsto individual populationsor subpopulations,in

additionto providinginformationon thestatusofShastacrayfish ateachsiteand

landownershipandsuggestinghabitatrestorationactions.

UpperFall River. Thespringareasin theupperFall River aregenerallypristine

with an abundanceof good-to-excellentShastacrayfishhabitat. In manycases,

suchasThousandSprings,thepotentialShastacrayfishhabitatis muchmore

extensivethanthehabitatactuallyused.

Therearetwo majorthreatsto Shastacrayfishin theupperFall Riverdrainage:

lossof Shastacrayfishandtheirhabitatdueto sedimentationfrom BearCreekand
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themovementofsignalcrayfishup theFall River. Sedimentationfrom Bear

Creek(previouslydiscussedunder“Reasonsfor DeclineandCurrentThreats”)

coverslava-cobble-on-lava-gravelsubstratecharacteristicofthebesthabitat

throughouttheupperFall River drainage,which includesthetwo mainstemFall

River subpopulationsofShastacrayfish. BearCreeksedimenthasbeendeposited

in a kilometer(0.62mile) of good-to-excellentShastacrayfishhabitatbetween

ThousandSpringsandRainbowSpring(Figure4). As a result,thetwo

subpopulationsseparatedby this sectionoftheriver probablyhavehadrestricted

contact,which in tumreducestheexchangeof geneticmaterial(geneflow)

betweenthem. Shastacrayfishareproneto beingentombedby highly mobile

sediments.Downstreamfrom BearCreek,Shastacrayfishwereonly foundwhere

therewasno BearCreekgravel,suchasin thesandspringsarea.

Theothermajorthreatto theupperFall Riveris the invasionofthe introduced

signalcrayfish,whichhasalreadyreachedtheoutflow ofRainbowSpring. An

old damat theoutflow ofRainbowSpringcreatesabarrierto keepsignal crayfish

from migratinginto RainbowSpring. Thereareno barriersto preventsignal

crayfishfrom reachingThousandSprings(althoughBearCreeksedimentsmay

haveslowedtheirprogresssomewhat).

Although therehasbeengrazingon ThousandSpringsin thepast,all livestock

hasbeenrestrictedfrom theriparianzonefor thepast7 years. Properland

management,includingstreambankprotection(i.e., cattlegrazing/fencingissues,

andmaintainingahealthyriparianzonethroughtimbermanagement),remain

importantissuesdownstreamfrom ThousandSpringsandin theBearCreek

drainage.

In 1996,theFall RiverWild Trout Foundation(FRWTF) submittedaproposalto

theCantaraTrusteeCouncil for apilot projectto removesediment in theFall

River(FRWTF 1996). Althoughtheproposalwasfor a pilot projectto suction

dredgein the river (PhaseI), PhaseII ofthe interimmeasureslisted in the
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proposalwasto conductafull-scalesuctiondredgingoperationofthe8-kilometer

(5.5-mile) sectionoftheFall RiverbetweentheNavigationLimits and Spring

CreekRoadBridge(FRWTF 1996). Thefull-scalesuctiondredgingoperationof

upperFall River (PhaseII) would removeapproximately182,800cubicmeters

(200,000cubicyards)ofwhattheyconsiderto be recentsedimentdepositedafter

theearly 1980’s(FRWTF 1996). Suctiondredgingalargesectionofriver would

constitutea large-scaleperturbationto theaquaticanimalandplantcommunities.

Suctiondredgingwould resultin directmortalityofany benthicorganisms,such

asShastacrayfish(Nelsonet al. 1991,Waters1995).

Spring Creek. ThepropertyalongSpringCreekis leasedasaworkingcattle

ranch. Theshort-durationseasonalcattlegrazingallowedin theriparianzoneis

restrictedprimarily to lavaflow areasascomparedto bankareascomposedof

organicmaterial. Thereseemsto be little damageto thestreambanks.The

habitatfor Shastacrayfishin lower fish trapcovewould be improvedby additions

of lavacobblesandboulders.

TheFall River floodedin earlyJanuary1997,and waterbackedup into Spring

Creek. Subsequently,signalcrayfishwerefoundin upperSpringCreekafterthey

apparentlymovedthroughtheculvertsattheSpringCreekRoadcrossingduring

theflood. A total of4 adultand20 young-of-the-yearsignal crayfishwere

removedduring 2 surveysin thesummerof 1997 (T. Healey,in litt. 1997;M.

Ellis, unpubl.data). All signalcrayfishwerefoundin thepool immediately

upstreamfromthe culverts. Nosignalcrayfishwere foundin eitherthe lower fish

trapcoveor thesectionbetweenthecoveandtheculvertpool onAugust20, 1997

(M. Ellis, unpubl. data). Theinvasionofsignalcrayfishinto upperSpringCreek

is an immediateandseriousthreatto thetwo Shastacrayfishsubpopulationsin

SpringCreek. All signalcrayfishmustbe eradicatedfrom upperSpringCreek

beforethey invadethetwo Shastacrayfishsubpopulationsandbeforetheyhave

an opportunityto reproduce.
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Lava Creek. Shastacrayfish are no longer found in either ofthe two ponds that

wereoncepartoftheLavaCreekdrainage.TheShastacrayfishpopulationthat

Danielsfoundin thenorthernpondin 1978wasextirpateddueto predationfrom

introducedlargemouthbassandsiltationand nutrientloadingresultingfrom

hydrologicalterations,periodicdroughtconditions,humanactivities,andan

abundanceof waterfowl. Most ofthelavasubstratein bothpondshasbeen

coveredwith organicsedimentand silt. LavaCreekhasreceivedsedimentfrom

theponds,aswell asfrom pastagriculturalactivitiesthat includean extensivepig

farmon thefields adjacentto theoutflow. Currentlandusesincludehayingand

grazingof perennialgrasseson laser-leveledfields,which areperiodicallyflood-

irrigated.

Theprincipalcurrentthreatis theongoinginvasionofsignalcrayfish. Signal

crayfishwerefirst foundin LavaCreekabovetheoutflow in 1990,having

migratedup from EastmanLake. By 1993,signalcrayfishwerefoundthroughout

thesectionbetweentheoutflow andwheretheeastandwestarmscometogether

(confluence).Boththenumberanddistributionofsignalcrayfishin LavaCreek

continueto increase.Signalcrayfishwill continueto invadefurtherupstreaminto

theeastandwestarmsofLavaCreek. Theupstreamexpansionofsignalcrayfish

in LavaCreekhasbeencoincidentwith adrasticdecreaseanddisappearanceof

Shastacrayfishin the lower sectionsofLavaCreek.

Tule River. All ofthelavagravel,cobble,andbouldermaterialassociatedwith

the leveesis assumedto havebeenimportedfor therepairandmaintenanceofthe

leveesystem. Until the recentexclusionof cattle,thecombinationofcattle

grazingandwind causedextensiveerosionon the levees. During thelastcentury,

this leveeerosion,combinedwith dredgingusedto repairerodedlevees,has

producedathick layerofsilt that hasburiedmuchofthe lavasubstrate.PG&E

hasrecentlyfencedall oftheir leveesalongBig LakeandtheTuleRiver so that

cattleareexcludedfrom thelevees(see“ConservationMeasures”).
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Watertemperaturein theriver andlakealongtheleveesis extremelyvariable

seasonally,rangingfrom 3—23 degreesCelsius(37—73 degreesFahrenheit)

(PG&E, unpubl.data). Thereis little to no visible flow ofwaterin theupperTule

Riverdrainage,andit generallybecomesvery eutrophicduring thesummer.

CaliforniaDepartmentof FishandGamehasattemptedto introducebrowntrout,

rainbowtrout,white catfish,channelcatfish,andbrownbullheadinto Big Lake,

with somewhatlimited success.Largemouthbass,knowncrayfishpredators,

werealsointroducedinto Big Lake,however,and arethriving. Althoughthe

largemouthbassis awarm-waterspecies,juvenilestendto usethespringareasas

arefugefrom largerfish predators,andin thewinteradultstakeadvantageof the

relativelywarmenvironmentin the springareas(D. Weidlein,pers.comm. 1996).

Thepresenceoflargemouthbassin thespringareasmayexplainthelow density

of Shastacrayfishfoundin thespringsoftheupperTuleRiver drainagerelativeto

otherspringsin theFall Riverdrainage.Currentthreatsincludetheabsenceor

shortageoflavasubstrate,dredging,andinvasionsby and interactionswith signal

crayfishand, potentially,with virile crayfish.

Fall River. TheconstructionandoperationofthePit 1 HydroelectricProject

drasticallyalteredthephysicalcharacteristicsandhydrologyof theFall River

throughdredgingandfilling, flooding andimpounding,anddiversionsand

alterationsofwaterflow. Availableevidenceindicatesthat whenRutterand

ChamberlaincollectedShastacrayfishin theFall River atFall RiverMills in

1898,therewasan abundanceofcleanlavasubstrateandrapidly flowing, well-

oxygenatedwaterthat supporteda healthycommunityof nativespecies.By the

time DanielsfoundShastacrayfishin the impoundedsectionoftheFall River at

FallRiver Mills (Fall RiverPond)in 1974and 1978,availablelavasubstratehad

beenseverelydepleted,andtheriver wasastagnantpondwith largediurnal

fluctuationsin oxygen. In addition, thenativeaquaticcommunityhassincebeen

almostentirelyreplacedby nonnativespecies,including four speciesofsunfish

and bassandtwo speciesofcrayfish. Shastacrayfishareconsideredextirpated
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from this location,asnonehavebeenfoundin recentsurveys(Ellis and

Hesseldenz1993,Ellis 1 996c).

Pit River. Two majorimpactsto thePit River includethe 1922diversionof the

FallRiver to thePit I Powerhouse,which significantly reducedtheflow of water

throughthePit River canyon,andtheconstructionandoperationsofthe

CaliforniaDepartmentofFishand GamePit River Hatchery,asmall fish hatchery

consistingof five fish pondsin theSuckerSpringsCreekchannel(see“Hatchery

Management”under“Fishing andFisheriesManagement”).

In 1996,removalofflashboardsbetweenpondsatthePit RiverHatcheryon

SuckerSpringsCreekseverelyimpactedtheShastacrayfishsubpopulationin

Pond3. This populationalmostcertainlyrepresentedageneticallyuniquestock

thathadbeenisolatedfrom otherpopulationsfor a long time. Currentthreatsto

the SuckerSpringsCreekpopulationincludefurther invasionsby, andinteractions

with, signalcrayfishanda shortageoflavacobble/bouldersubstrate.In April

1997,CaliforniaDepartmentofFishand Gamedecidedto closethefish hatchery

in SuckerSpringsbecauseoperationofthefish hatcherywasdeterminedto be

incompatiblewith protectingtheShastacrayfishpopulation. Restorationefforts

areunderway to returnSuckerSpringsto naturalShastacrayfishhabitatand

attemptto conservetheremainderof thepopulation.

Althoughlittle is knownaboutthemainstemPit River subpopulation,current

threatsincludefurtherinvasionsby, andinteractionswith, both signalandvirile

crayfishandpoorwaterquality.

Hat Creek, Cassel. WhentheArmy CorpsofEngineerschannelizedHat Creek

in the1950’s(L. Kerns,pers.comm. 1994),thedownstreammovementof

sedimentfrom theHat CreekMudflow of 1915wasgreatlyacceleratedand

continuesto impactpotentialShastacrayfishhabitat. Shastacrayfishpopulations

havebeendocumentedin thespring-fedlakesand riversfeedinginto lowerHat
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Creek,butnot in mainstemHat Creekitselfsincethemudflow. Habitatand

hydrologyhavebeenimpactedby theconstructionandoperationof theHatCreek

HydroelectricProject.

Severaltroutmanagementand restorationtechniquesappliedto theHat Creek

drainagesincethe 1940’sweredonewithout knowledgeof eitherthepresenceof

orthepotentialimpactson Shastacrayfish. Rotenoneandliquid chlorinewere

usedin bothCrystalLakeandRockCreekaspartofan eradicationprogramfor

theprotozoanCeratomyxa(Schafer1968;M. Berry, pers.comm. 1995).

Rotenonewasalsousedto removenongamefish aspartofthewild troutprogram

on Hat Creek. A toxicantsuchasrotenoneis alsotoxic to invertebrates,suchas

crayfish.

After theadditionofspawninggravelto theoutflow ofCrystalLakein 1965and

1971, Shastacrayfishwerenot found in theareauntil lavacobblesandboulders

wereunburiedandrelocatedon top of thegravelin 1992—1993 (M. Ellis, pers.

observ.). SignalcrayfishinvadedCrystalLakein 1978andby 1991 outnumbered

Shastacrayfishsevento one(Ermanet al. 1993). In 1993,Ellis estimatedthatthe

currentsizeof theShastacrayfishsubpopulationattheoutflow ofCrystalLake

waslessthan 10 percentof the2,000to 3,000individuals estimatedin 1978

(Daniels1978). Signal crayfishposethemajorthreatto Shastacrayfishin the

outflow ofCrystalLake.

Crystal andBaumLakesreceiveconsiderablefishing pressure,including

crayfishing,andotherdisturbancesfrom public use. Accordingto L. Eng

(unpubl.notes),crayfish at theoutflow ofCrystalLake areparticularlyvulnerable

to handcollecting. Bullfrogs andbrownbullheadhavebeenintroducedto the

lakes. Grazing,logging,andotherdisturbanceshavecontributedto surface

runoff, sedimentation,and eutrophicationof thelakes. Thelackofexclusion

fencingallowscattleto grazein theriparianzoneandwade into the lakes. There

is evidenceofbankerosionin partsofboth lakes.
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Rising River. Aerial photographs from 1957, 1964, 1973,and 1993 all show a

whiteplume offine sedimentissuing from thespringsin themiddlearmat the

westendoftheheadwaterspringsystem(not RisingRiver Lake)andsomein the

headwaterspringclosestto themiddlearm,but nonecoming from any ofthe

otherheadwatersprings. Therehavebeenno studiesof thesedimentin Rising

River upstreamofHat Creek,so theultimatesourceof this sedimentandtherate

atwhich it enterstheriverortravelsdownstreamareunknown. Thereis some

anecdotalevidenceindicatingthatfine sedimentin RisingRiverhasincreasedin

recenttimes.

RisingRiver andRisingRiverLakewereoncethe locationof severalworking

ranches.Althoughtherearestill livestockin areas,thereis no grazingin the

riparianzone. Thereis little evidenceofbankerosion. In general,thisareahas

beenrelativelyundisturbed.Nativebeaverandintroducedmuskratsareboth

common.

TheRisingRiver Shastacrayfishpopulationsarecurrentlyfreeof signalcrayfish.

Thepotentialinvasionby signalcrayfishis theprincipalcurrentthreat.

H. ConservationMeasures

Regulatory Measures

TheShastacrayfishwaslisted asan endangeredspeciesby theCaliforniaState

FishandGameCommissionin 1988,thusoffering protectionfrom take,

possession,or salewithin theStateofCalifornia. OtherStateregulationsprohibit

thetake,possession,orusefor baitof anycrayfishspecieswithin the rangeofthe

Shastacrayfish. Theseregulationswere enactedto protecttheShastacrayfishand

preventtheaccidentalspreadofexoticcrayfish;however,enforcementis difficult

becauseof thelargesizeandremotenessofthearea.
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In an attemptto protecttheShastacrayfish,CaliforniaDepartmentofFishand

Gameclosedthemidsectionsof thePit Riverto crayfishingandtheuseof

crayfishasbait in 1981. Areaswheretheintroducedspeciesareabundantwill be

openfor crayfishingasof March 1998,including(1) theFallRiver from Spring

CreekBridgeto theconfluencewith thePit River; (2)EastmanLakeandLittle

TuleRiver, exclusiveof LavaCreek;(3) Hat Creekdownstreamfrom the

confluencewith RisingRiverto theconfluencewith thePit River, exclusiveof

CrystalLake; (4) thePit River,exclusiveofSuckerSpringsCreek;and(5) Lake

Britton.

Closuresfor theprotectionof Shastacrayfishstill existin theFall Riverupstream

of SpringCreekBridge, LavaCreek,TuleRiver andall connectedwaterupstream

ofLittle Tule River, SuckerSpringsCreek,CrystalLake,RisingRiver, and

RisingRiver Lake,which areclosedto thetakeandpossessionof crayfish. It is

still illegal to usecrayfishasbait in thePit Riverandall tributariesbetweenthe

Pit 3 Dam (LakeBritton) andthe Fall River-CasselRoadBridge at FallRiver

Mills, California, including Hat CreekandtheFall River andtheirtributaries.

TheShastacrayfishwasfederally listedasan endangeredspecieson September

30, 1988(U.S. Fishand Wildlife Service1988). Federalagenciesarerequiredto

consultwith theU.S. FishandWildlife Serviceundertheprovisionsofsection

7(a)(2)of theEndangeredSpeciesAct (Act) on any actionthattheyfund,permit,

or implementthatmayaffect Shastacrayfish. Theprovisionsof Section9 also

makeit illegal to ship, sell, or offer for salein interstateor foreigncommerceany

listed species,orpart thereof,takenin violationoftheAct. TheU.S. Fishand

Wildlife Servicealsoenforcestheprovisionsof section9 oftheAct, which make

it illegal to harass,harm,pursue,hunt, shoot,wound,trap,capture,collect,or to

attemptto engagein any suchconduct. If anon-Federalactionwould resultin

takeof Shastacrayfish,an incidentaltakepermit, issuedby theU.S. Fish and

Wildlife Serviceundersectionl0(a)(l)(b)oftheAct, would be required.Section

6 funding is providedto statesfor actionsthatwill aidtherecoveryof listed

species.
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Therearecurrently no formal consultationson file for theShastacrayfishsince

1988,whenit waslisted. TherelicensingofPG&E’sPit 1 HydroelectricProject

on thePit River in 1997—1998will requiretheFederalEnergyRegulatory

Commissionto formally consultwith theServiceto addresstheeffectsofthe

projecton Shastacrayfish. TheHat CreekHydroelectricProjectwill also be

relicensedby 2000,andPG&E will be addressingtheimprovementof landuse

practicesandprotectionzonesaroundlakes.

TheCaliforniaWaterResourcesControlBoardissuesbothwastedischarge

permits for liquid wastedischargesand401 WaterQuality Certificationsfor

dischargesto navigablewaters,which requireaFederalpermit or license.

CaliforniaDepartmentofFishandGameissuesStreamandLakeAlteration

AgreementsunderSections1600-1605of theCaliforniaFishandGameCodefor

thealterationofany streamor watercoursedepictedasablue-linechannelon

U. S. GeologicalSurvey(U.S.G.S.)topographicmaps.

Fall River SedimentStudy

TheFall RiverResourceConservationDistrict is aboardof volunteerlocal

landownersandresourceuserswho serveasa liaisonbetweenlocal landowners

and governmentagencieson resourceconservationissues. TheFall River

ResourceConservationDistrict is partially fundedthroughShastaCountytaxes,

andwasawardeda $200,000grantin conjunctionwith theStateWaterResources

ControlBoard’sCleanWaterAct (205j grant). Underthe205j grant,Fall River

ResourceConservationDistrict contractedwith theenvironmentalplanningfirm

TetraTech,Inc. to conducta studyofthesedimentationof theupperFall River

andBearCreekwatershedanddeveloparestorationplan. This studywill address

therelativeimportanceandcontributionoflogging,forestfires, andother

potentialsourcesofsedimentto BearCreek. As partofthestudy,theNatural

ResourceConservationServiceinventoriedtheactivesedimentsourcesin the

BearCreekwatershed.Thisprojectwill alsoinclude developingrestorationand

mitigationalternatives,identifying causesof erosion,developingamonitoring
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program,performinglabanalysesofsediment,conductingfish counts,developing

aqualityassuranceplan,anddraftingafinal restorationplan. Thefinal reportis

scheduledto becompletedMay 1998. Thisprojectis beingconductedin

conjunctionwith otherstudiesby theCaliforniaDepartmentofWaterResources,

NaturalResourcesConservationService,CaliforniaDepartmentofFish and

Game,NorthStateResources,andtheU.S. DepartmentofAgriculture.

Timberharvestinggroupsshouldbe encouragedto continueto improve,monitor,

andreevaluatelandmanagementpractices,to considerpotentialimpactson

endangeredspeciesdownstream,andto work in cooperationwith groupssuchas

theFallRiver ResourceConservationDistrict.

Bear Creek Restoration

A cooperativeeffort hasbeeninitiatedbetweenthepropertyownerofBearCreek

meadowandamanagerofmuchof thetimber landsupstreamto reduceand

stabilizethe sedimentflux intoFall River from BearCreek. Suchmeasureshave

includedexclusionofcattle from riparianareasandreplantingofnativewillows

adjacentto thecreek. Studieson BearCreekhavedeterminedthat acurrentmajor

sedimentsourceis thedegradedchannelin BearCreekmeadow,ratherthanthe

upperwatershed(R. Poore,unpubl.data). In consultationwith expertsin thefield

offluvial geomorphologyandhydrologyandstreamrestoration(L. Leopold,pers.

comm. 1994;D. Rosgen,pers.comm. 1994),aplanhasbeendevelopedto

stabilizethechannelthroughthemeadow(R. Poore,pers.comm. 1996). This

planwasdevelopedto meetthreeprimaryobjectives: (1) to connectthechannel

with thefloodplain, (2) to eliminatethemeadowsectionasamajorsediment

source,and(3) to maintainthechannelthroughthemeadow.

TheNaturalResourcesConservationServiceinventoriedpotentialsedimentand

erosionsourcesin theBearCreekwatershedduring 1997aspartof theFall River

SedimentStudy.
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LeveeManagement

PG&E beganfencing the leveessurrounding MeArthur Swamp in Fall 1991. By

theendof 1992,exclusionfencessurroundedall ofMcArthurSwampexceptfor

theWildlife HabitatImprovementArea. Fencingin theWildlife Habitat

ImprovementAreawascompletedin theFall of 1995(M. Drury, pers.comm.

1996). PG&E addresseshabitatenhancementandalternativesto dredgingin its

currentapplicationfor asection404 permitfrom theArmy CorpsofEngineersfor

long-termleveemaintenancealongtheupperTuleRiver.

Cattlethat grazeon MeArthur Swamparenowexcludedfrom thePG&E levees,

Big Lake,andtheTule River. This will reducetheneedfor leveemaintenance,

improvebankconditionandriparianvegetation,andhelpstop thedegradationof

existingShastacrayfishhabitat.

AlthoughPG&E still usesdredgingastheprimarymethodof leveemaintenance

andrepair,it constructedaroadon the leveewestof RatFarm(Figure8) and

importedmaterialthatincludedlavacobblesandbouldersto repairamajorlevee

breachresultingfrom theJanuary1, 1997,high-waterevent. Newpotential

Shastacrayfishhabitatis createdwhenthesematerialsareimportedto areas

within theknowndistributionofthe Shastacrayfish.

Pit River Fish Hatchery

SignalcrayfishinvadedtheSuckerSpringsCreeksubpopulationoftheShasta

crayfishwhenbarriersbetweenPonds3, 4, and5 wereremovedfor approximately

onemonthin August1996. In April 1997,CaliforniaDepartmentofFishand

Gamedecidedto closethePit RiverFishHatcherypennanently.California

DepartmentofFishandGamehasbeenconductingsurveysofPond3 and

eradicatingany signalcrayfishthat arefound. CaliforniaDepartmentofFishand

GameandtheU.S. FishandWildlife Servicewill beworkingtogetherto develop
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a restorationplanfor thePit RiverHatcherysite. Theplan is expectedto be

completedby thespringof 1998.

Coordination with Landowners

Between1990and 1995,coordinationbetweenMaria Ellis andprivate

landownerswasinitiatedto developpartnershipsfor managingShastacrayfish.

Theseefforts includedestablishingcommunication,gainingpermissionto access

propertiesfor conductingsurveys,andpublic education.

Research

ShastaCrayfish. Between 1990and 1995,three projects were initiated to study

and/ormanageShastacrayfish,supportedby CaliforniaDepartmentof Fishand

Game,in part,by Federalfundsunderprovisionsofsection6 oftheEndangered

SpeciesAct. Theseprojectsincludedecologyandcompetitionstudies,competitor

controlandhabitatimprovement,anddiseaseand funguscontrolstudies.

A literaturereviewof barriersandtheireffectivenesswasconductedto determine

whatdesignwould be appropriateto preventnonnativecrayfishfrom invading

populationsof Shastacrayfish(Ellis 1 994b). An experimentaldesignhasbeen

suggestedthat wouldpreventtheupstreammigrationof crayfish,while allowing

thepassageoffish. It consistsofan overhangingbarrierconstructedfrom bankto

bank andextendingbetween0.31-0.46meter(1.0-1.5feet)abovethesubstrate,

acting asaphysicalandavelocity barrier(Figure 10). In low- orno-currentareas,

theheightofthebarrierwould haveto be increasedsinceit would be functioning

solely asaphysicalbarrier. Fieldtestsfor crayfishbarrierswereincludedaspart

ofthesection6 fundedprojectsin 1994. Theseplanswerechanged,however,and

restorationplansweredevelopedin lieu of thefield tests. No field testingof

crayfishbarriershasbeenconductedto date,but field testingis includedasatask

in this recoveryplan.
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Watercurrent

Figure 10. An exampleofaphysical/velocitybarrierto theupstreammigrationofcrayfish.

Slantedor overhangingbarrier
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GeothermalDevelopmentand RechargeArea Study. Concernshave been

raisedregardingthegeothermaldevelopmentoftheMedicineLakeHighlands

areabeforeadequateresearchhasbeenconducted(T. Groseetal., in litt. 1996

and 1997). A researchproposalby theLawrenceLivermoreNationalLaboratory

andtheDepartmentofGeology,ColoradoSchoolofMines (Davissonet al. 1997)

would providenecessaryinformationto determinewhethergeothermal

developmentoftheMedicineLake Highlandswould impactthespringsof the

Fall River andtheShastacrayfishthatlive there. Thisresearchshouldbe

conductedprior to any furtherexplorationor developmentoftheMedicineLake

Highlands.

Similar researchconductedin theHat Creekbasinin 1993ultimately showedthat

theproposedtransferofLost Creekwaterto Hat CreekatBidwell Ranchwould

havedecreasedthe dischargeofthe springsin RisingRiver almostimmediately

(Rose1994,Roseet al. 1996). If implemented,this transferprojectwouldhave

resultedin apermanentdecreaseofgreaterthan20 percentin thedischargeofthe

RisingRiversprings,which likely would havehadanegativeimpacton the

RisingRiverShastacrayfishpopulation.

Spring Creek Culvert Fortification and Monitoring

In November1996,CaliforniaDepartmentof FishandGamebeganworkingwith

ShastaCountyto excavatematerialfrom the downstreamendof theculverts

underSpringCreek(T. Healey,in litt. 1997). Theseculvertsactedasvelocity

barriersto signalcrayfishuntil thefloods of January1997,whenthewaterbacked

up into SpringCreekfrom theFall River. CaliforniaDepartmentofFishand

Gamehasalsoconductedtwo surveyssincethento monitor thestatusand

conditionoftheculvertsandto eradicatesignalcrayfishupstreamoftheculverts.

Eradicationsurveysshouldcontinueuntil no signalcrayfisharefoundupstreamof

theculverts.
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Upper Fall River

Habitatenhancementhasbeeninitiated in thisareaduring thecourseofsurveys

for Shastacrayfish. Lavarockscoveredby sedimentwereturnedover andlaid on

top ofthesedimentto providerefugiafor Shastacrayfish. This typeof

enhancementneedsto continueon a regularbasisaslong assignificantamounts

ofsedimentarebeingtransported.

TheFall River ResourceConservationDistrict is currentlydirectingtheFallRiver

SedimentStudy,which shouldbecompletedin May 1998. MariaEllis has

providedinformationatpublic meetingsregardingpotentialimpactsofprojects

on Shastacrayfishandhascoordinatedwith and assistedtheFallRiver Resource

ConservationDistrict regardingsuchissuesasmuskratcontrol.

I. Consideration of Proposedand CandidateSpeciesand Speciesof

Concern

Specialstatusspeciesthat occurwithin therangeofShastacrayfishandcould

potentially be impactedby recoveryactionsfor theShastacrayfishincludethe

roughsculpin(StatethreatenedandFederalspeciesofconcern),big-eyedmarbled

sculpin(Statespeciesofspecialconcern),theCaliforniafloater(amussel)and

Montanepeaclam(Federalspeciesofconcern),thenorthwesternpondturtle

(Federalspeciesofconcern),andthebaldeagle(Federalthreatened,State

endangered).Actions recommendedin this recoveryplanthat couldbenefitother

rareendemicsin theareaincludeimproving waterquality in thePit River

drainage,reducingnonnativespecies,improving landmanagementpractices,and

increasingpublic awarenessregardinglisted species.Someactionscouldpossibly

havenegligiblenegativeeffectson specialstatusspeciesin thearea.

Increasingtheflow ofwaterfrom theFallRiver to thePit River belowthe

diversiondamwould improvewaterquality for aquaticspeciesin that sectionof
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the FallRiver andthePit River. A secondarybenefitmight be to improveprey

populationsfor speciesfeedingon aquaticlife (e.g.,baldeagle). Thebuilding of

crayfishbarrierscouldcreatetemporarydisturbanceto speciesandhabitatsin the

areaofconstruction. Enhancinghabitatby addinglavacobbleandbouldersalong

theleveescould impactmusselhabitatandcausedisturbanceor takeof

individuals. Theimpactis expectedto benegligiblebecausethehabitat

enhancementwill betaking placealongtheleveeswhereonly asmall percentage

ofmusselsarefound.

Recoveryactionsthatprotectriparianhabitatandpromotenativeplantson levees

couldenhanceor protecthabitatfor terrestrialspeciesin thearea.AppendixB

lists terrestrialvertebrateandplant specieswith specialstatusthat mayoccurin

proximity to Shastacrayfishhabitatbut arehighly unlikely to be impactedby

recoveryactionsfor theShastacrayfish.

J. RecoveryStrategy

The invasionofnonnativecrayfishspecies,in particularsignalcrayfish,is the

singlelargestthreatto thecontinuedexistenceof Shastacrayfish. Thecontinued

existenceof Shastacrayfishwould be ensuredwhenthesubpopulationsofthe

sevenremainingpopulationsareprotectedfrom theinvasionof nonnativespecies,

particularlysignal crayfish,andfrom otherdisturbances.SpringCreekandRising

River are the only two populationswhereall subpopulations are currently freeof

nonnativecrayfish(Table4). All oftheHat CreekandPit Riversubpopulations

havebeeninvadedby nonnativecrayfish. Theremainingthreepopulations(upper

FallRiver, LavaCreekandupperTuleRiver)havesomeinvadedandsomepure

Shastacrayfishsubpopulations(Table4).

Whenall ofthesubpopulationsthatarecurrentlyfreeof signalcrayfishare

protectedandconsideredstable(definedasself-sustainingpopulationscomprising

representativesof all ageclasses),Shastacrayfishcouldthenbe reclassifiedas
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Table4. Summaryof thestatusof all knownsubpopulationswithin theeightgeographicallyisolatedpopulations
ofShastacrayfish(seealsoTable2).

Populations Subpopulations1

Invadedby NonnativeCrayfish PureShastaCrayfish Total

Existing

Total

Extinct

ID S/D S D NS Total S/D S D NS Total

UpperFaliRiver 1 0 2 1 4 4 4 8

LavaCreek 2 2 2 0 2 4 1

UpperTuleRiver 2 3 5 2 6 8 13

PitRiver 20 2 4 0 4 1?

Hat Creek 3 1 4 0 4 1

SpringCreek 0 2 2 2

Rising River 0 3 1 0 4 4

Fall River Mills (extinct) 0 0 1

TOTAL 23012 2 =19 7130 0 =20 39 4

1 JD= insufficientdata,S/D stableordeclining?,S = stable,D = declining,NS = not self-sustainingpopulation

(probablyincidentalsighting),?= presumed
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threatened.Recoveryactionswould thenbe focusedon subpopulationsthat have

beeninvadedby nonnativecrayfishspecies.Whensignalcrayfishareeradicated

or controlledandtheseShastacrayfishsubpopulationsareconsideredstableand

protectedfrom otherdisturbances,Shastacrayfishcanbe consideredrecovered

anddelisted.

Theprimarygoal is to protectand stabilizetheknownShastacrayfish

subpopulations.Thisprotectionwill maintainthe geneticdiversity ofthespecies.

Many tasksareprimarily aimedat subpopulationsthatarecurrentlyfreeof

nonnativecrayfish,aswell asafewselectinvadedsubpopulations,andinclude

designing,testing,andinstallingefficientcrayfishbarriersandmaintainingsome

barriers(i.e., culvertsandweirs)usefulin preventingsignalcrayfishinvasions.

Othersite-specifictasksincludehabitatrestorationandenhancement,working

with landowners,improving landusepractices,eradicatingsignalcrayfish,

stabilizingriver andstreambankswith plantings,developingdredging

alternatives,eliminatingfish hatcheryoperations,andestablishingfishing

restrictions. Othertasksaredirectedat subpopulationsof Shastacrayfishthat

alreadyhavesignalcrayfish. Thesetasksincludestabilizationof populations,

eradicationprogramsfor signalcrayfish,andhabitatenhancement.Someofthe

suggestedmethodsfor achievingthesegoalsareexperimental,suchasthedesign,

construction,implementation,andmaintenanceofcrayfishbarriers.

Severaltasksarerequiredto developan adequatebarrierdesign. First, an

extensiveflume study(AppendixC.) shouldbe conductedto determinethebest

barrierdesign. Second,afield testofthecrayfishbarrierdesignshouldbe

conductedalongwith a one-yearmonitoring/maintenanceperiodduring which

differenteradicationmethodscanbeemployedupstreamfrom thebarrierto

measureits effectiveness.Themethods/techniquesfor thecontrolandlor

eradicationof nonnativecrayfisharealsosomewhatexperimentalandthe

likelihood of successis unknown. Theprobabilityof completeeradicationof

signal crayfishfrom largeareasis low.
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Anothergoal is to determinethedistribution,status,andrelativeabundanceof

Shastacrayfishin themainstemPit River. Becausetheenvironmentin the

mainstemPit River is muchmorevariablethanin other Shastacrayfishlocations,

thisstudy shouldalsoexaminethepotentialimpactsof variationsin discharge

(e.g.,habitatavailability, flow velocity,and substratestability), waterquality, and

temperatureon thePit River Shastacrayfishpopulation.

Additional researchis neededon theecologyandrequirementsof Shastacrayfish,

thedynamicsof Shastacrayfishbehaviorandinterspecificinteractionswith

invadingspecies(signal crayfishandvirile crayfish),andtheimportanceand

impactofsignalcrayfishandvirile crayfishpathologyon Shastacrayfish. This

informationis integralfor therecoveryandmanagementofShastacrayfishand

for maintenanceof self-sustainingpopulationsthathaverepresentativesof all age

classes.As newinformationbecomesavailable,managementstrategiescanbe

revised,andtheinformationcanbe incorporatedinto any future revisionsofthis

recoveryplan.

II. RECOVERY

A. Objectivesand Criteria

Theprimaryobjectiveofthisplan is to stabilizeandprotectexistingpopulations

so thatShastacrayfishmaybereclassifiedasa threatenedspeciesand ultimately

delisted.

Criteria for Downlisting;

1. The20 majorsubpopulationswithin 5 Shastacrayfishpopulationsthatare

currentlyfreeof nonnativecrayfishspecies(Table2) areprotectedto ensure

theyremainisolatedfrom nonnativecrayfishspecies,andthese

subpopulationsarestable(i.e., self-sustainingandcomprisingrepresentatives

ofall ageclasses).
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2. TheCrystalLakeand SuckerSpringsCreeksubpopulations,whichhavebeen

invadedby signalcrayfish,areprotectedandstabledueto elimination,

reduction,or managementofsignal crayfish.

3. Overa 5-yearperiod,populationsizesremainconstantatUpperFall River,

SpringCreek,andRisingRiver, andpopulationsizesincreaseat La~’a Creek,

upperTuleRiver, CrystalLake,andSuckerSprings.

4. Signalcrayfishareeradicatedin lowerLavaCreekso thatShastacrayfishare

freeof signalcrayfishthroughouttheentireLavaCreeksubdrainage.

5. Themajorsubpopulationsin eachof thesevenShastacrayfishpopulationsare

protectedfrom disturbancesrelatedto landusepractices.

Criteria for Recovery:

1. Nonnativecrayfishspecies,in particularsignalcrayfish,havebeeneliminated,

reduced,or arebeingmanagedin all Shastacrayfishsubpopulations,sothat

theyno longerthreatenthecontinuedexistenceof Shastacrayfishatthese

sites.

2. All Shastacrayfishsubpopulationsarestable,with populationsizesthat are

increasingovera 5-yearperiod.

B. NarrativeOutlinefor RecoveryActions

1. ProtecttheremainingpopulationsofShastacrayfishcurrentlyfreeof
nonnativecrayfish

.

Of thesevenShastacrayfishpopulations,five eitherhaveno nonnativecrayfish
speciesor havemajorsubpopulationsthathaveno nonnativecrayfish(Table4).
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ProtectingShastacrayfishpopulationsfrom signal crayfishinvasionsandother
disturbancesand ensuringtheirstability arethefirst prioritiesfor recoveryof
Shastacrayfish. Twosubpopulations,whichhavealreadybeeninvadedby signal
crayfish,areincludedin this sectionbecausetherecoverytasksarethesameasfor
populationsthatarecurrentlyfreeof signalcrayfish.

1.1 ProtecttheupperFallRiver population——-currentlvfreeofsignal
crayfish

.

TheThousandSpringsfish trapcoveand old propertyline, Fall Riversand
springs,andRainbowSpringarestill freeof signalcrayfishandrepresentthe
majorsubpopuLationsoftheupperFallRiver populationandoneofthe larger
populationsof Shastacrayfish. ThousandSpringsis consideredthemost
pristine locationwhereShastacrayfisharefound. Protectionofthis
populationis essentialto therecoveryeffort.

1.1.1 Securethecooperationof landownersto manageandprotect
Shastacrayfish

.

TheThousandSpringsandRainbowSpringpropertiesareprivately
ownedand closedto thegeneralpublic. Thecooperationof bothof
theselandownersis necessaryto implementrecoveryactionsrelatingto
themanagementof Shastacrayfishandtheirhabitatandthe exclusionof
nonnativecrayfish. A cooperativeagreementshouldbe developedwith
the landownersto implementrecoveryactionsrelatedto the
managementofShastacrayfishandtheirhabitatandtheexclusionof
nonnativecrayfish.

1.1.2 Install acrayfishbarrierupstreamoftheNavigationLimit

.

Constructionofaphysical/velocitybarrierto stop theupstream
advancementofsignalcrayfishis necessaryto maintainandprotectthis
majorsubpopulationoftheupperFallRiverpopulation. A flume study
(task3.1)mustbe conductedprior to barrierinstallation.

1.1.3 RestoreBearCreekmeadow

.

BearCreekmeadowshouldberestoredso that it ceasesto be an active
sourceof sedimentinto theFall River (R. Poore,unpubl. data)and to
restoreits capabilityasadepositionareafor sedimentcomingfrom the
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upperwatershed.RestorationofBearCreekmeadowis animportant
stepin reducingthesedimentloadthatis currentlythreateningShasta
crayfishpopulationsin the FallRiver.

1.1.4 EnhanceShastacrayfishhabitatupstreamof theNavigation
Limit

.

All visible lavacobblesandbouldersshould beuncoveredby turningthe
rocksover so that theyareon top ofthegravel,insteadof coveredby
gravel. This canbeaccomplishedby diversduring monitoringsurveys.
If thereis still ashortageafteruncoveringlargersubstrate,appropriate
substratecanbeimportedby handfrom thesurroundingarea.
Appropriatesubstrateconsistsof large(atleast25.4 centimeters[10
inches]diameter)lavacobblesandboulders(approximatelytwo to three
largecobbles/smallbouldersper squaremeter[approximatelyoneper
everythreefeet]),generallyon topof lavagravel. Emphasisshouldbe
placedon theareabetweenRainbowSpringoutflow andtheNavigation
Limit.

1.2 Protectthe SpringCreekpopulation—freeofsignal crayfish

.

Althoughbothsubpopulationsin SpringCreekwereformerly freeof
nonnativecrayfish,signalcrayfishwerefoundupstreamoftheculvertson
August20, 1997,buthadnot invadedupstreaminto the Shastacrayfish
populations.Thebreachedareawassurveyedandall signalcrayfishwere
thoughtto havebeenremoved.Eradicatingall signalcrayfishupstreamof
theculvertsandprotectingtheSpringCreeksubpopulationsis essentialto the
recoveryeffort.

1.2.1 Securethecooperationoflandownersto manageandprotect
Shastacrayfish

.

TheSpring Creekpropertyis privatelyownedandclosedto thegeneral
public. Thecooperationofthis landowneris necessaryto implement
recoveryactionsrelatedto themanagementofShastacrayfishandtheir
habitat. Thecooperationofthedownstreamlandowneris necessaryto
fortify theupstreammigrationbarrierfor theexclusionofnonnative
crayfish. A cooperativeagreementshouldbe developedwith the
landownerto protectandmanageShastacrayfishin SpringCreek.
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1.2.2 Eradicateall signal crayfishupstreamofculverts

.

Continueeradicationsurveysuntil no moresignalcrayfisharefound
upstreamoftheculvertsfor threeto four consecutiveyears.

1.2.3 Monitor thebarriercreatedby thefourculvertsat SpringCreek
Roadcrossingandfortify if possible

.

Examineandmonitorthefour culvertsat SpringCreekRoadcrossingto
determineandensurethattheyareadequatephysical/velocitybarriersto
theupstreammigrationofsignalcrayfishandfortify if possible.The
possibility that signalcrayfishcouldmoveoverlandacrossSpringCreek
Roadshouldalsobe consideredand,if necessary,stepsshouldbe taken
to preventsuchmovement.

1.2.4 EnhanceShastacrayfishhabitatin lower fish trapcove

.

Althoughthereis ample,cleanlavagravelin lower fishtrapcove,there
is ashortageof lavacobbleandboulders.Appropriatesubstratefrom
thesurroundingareashouldbeplacedin lower fishtrapcoveto enhance
Shastacrayfishhabitat. Becauseonly asmall amountoflavasubstrate
would benecessaryto enhancethis relativelysmall area,lavasubstrate
canbeplacedby handso thatthedisturbanceto Shastacrayfishis
minimal.

1.3 ProtecttheLavaCreekpopulation—somesubpopulationshavesignal
crayfish

.

TheShastacrayfishsubpopulationsin theheadwatersoftheeastandwest
armsof LavaCreekarestill believedto be freeofsignalcrayfish. Protection
ofthesesubpopulationsfrom invadingsignal crayfishis essentialto the
recoveryeffort. SignalcrayfishhaveinvadedLavaCreekfrom Eastman
Lakeand continueto migrateupstreamtowardstheheadwatersofLava
Creek. LavaCreekhasthelargestnearlycontinuousexpanseofShasta
crayfishhabitatof any location. Thereturnofthis entirestreamto aShasta
crayfishpopulationfreeof signalcrayfishwould providea valuablerefuge
for thespecies.
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1.3.1 Securethecooperationoflandownersto manageandprotect
Shastacrayfish

.

ThereareseveralprivatepropertiesalongLavaCreek. Oneofthese
propertiesis afly-fishing club. LavaCreekis closedto thegeneral
public. Thecooperationoftheselandownersis necessaryto implement
recoveryactionsrelatedto themanagementof Shastacrayfishandtheir
habitatandtheexclusionofnonnativecrayfish. A cooperative
agreementshouldbe developedwith theselandownersto protectand
manageShastacrayfishon theirproperties.

1.3.2 SurveyLavaCreekfor signalcrayfishandinstall barriersand
eradicatesignalcrayfishasappropriate

.

If LavaCreekShastacrayfishpopulationsarestill allopatric(freeof
signalcrayfish)or thesignal crayfishpopulationthereis small enoughto
successfullyeradicate,install onebarrier. If therearemanysignal
crayfish,aseriesof smallerbarriersin multiple locationsto protect
specificlocationsof Shastacrayfishmaybe appropriate.

1.3.2.1 SurveyLavaCreekto determinethestatusofthe
crayfishinvasion

.

Documenttheabundanceof signalcrayfishto determinethe
appropriatemanagementstrategy.

1.3.2.2 Install crayfishbarriersin both theeastandwestarms
ofLavaCreek

.

As appropriate,aphysical/velocitybarriershouldbe constructed
in boththeeastandwestarmsof LavaCreekupstreamof the
invasionfront ofsignalcrayfish. This barrierwould stopthe
continuedupstreamadvancementof signalcrayfishinto the
headwaters.A flume study (task3.1)mustbe conductedprior to
barrierinstallation.
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1.3.2.3 Install acrayfishbarrierattheoutflow ofLavaCreek

.

As appropriate,install a crayfishbarrierattheoutflow ofLava
Creekinto EastmanLake(Tule River) andin thesmall drainage
ditch on thewestsideto stop theinvasionofsignalcrayfishfrom
EastmanLake. Thisbarrierwould minimizeorreducethesource
populationofsignal crayfishthatcouldmigrateinto the
headwatersofLavaCreekandbe afirst steptowardssecuring
LavaCreekasapopulationfreeof signalcrayfish. A flume
study(task3.1)mustbe conductedprior to barrier installation.

1.3.2.4 Initiateasignal crayfisheradicationprogramin Lava
Creek

.

Usebaitedtrapsandhandcollectingto eradicatesignalcrayfish
in LavaCreek. Thecontroland/oreradicationof signalcrayfish
will requirerepeatedefforts,potentiallyoveraperiodof years,to
be successful.Trainedpeople,preferablyon-sitelandmanagers
orownersof theproperty,shouldsetmultiple baitedtrapsyear
roundto trapasmanysignal crayfishaspossible.Concurrent
with thetrappingeffort, repeatedsurveysshouldbe conductedby
multiple diversto handcollectsignalcrayfish. Thestatusof
Shastacrayfishin theareacanbe monitoredduring these
surveys,aswell (task4.2). Theupstreambarriersin theeastand
westarmscanbe removedONLY AFTER it is determinedthat
signalcrayfishhavebeeneradicatedfrom LavaCreek(task4.1),
andthatthereare no potentialpathogens,parasites,or
commensalsfrom signalcrayfishbeingcarriedby Shasta
crayfish(tasks3.4.2.3and3.4.2.4).

1.4 ProtecttheupperTuleRiverpopulation—freeofsignalcrayfish

.

Eight subpopulationsof Shastacrayfishin theupperTuleRiver maystill be
freeofsignal crayfish: thesix Big Lakesubpopulations,theJa-SheCreek
headwaterssubpopulation,andtheCrystal Springs,CoveandInlet
subpopulation.ProtectionoftheBig LakeandJa-SheCreekheadwater
subpopulationsis essentialto therecoveryeffort. (CrystalCoveis solarge
that installingbarriersis probablynotrealistic.)
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1.4.1 Securethecooperationof PG&E andtheCaliforniaDepartment
of Parksand Recreationto manageandprotectShastacrayfish

.

PG&E ownsmostof the land,river and lakebeds,andwaterrights in the
upperTuleRiver subdrainage.PG&E also maintainsthe leveesystem
wherethreeShastacrayfishsubpopulationsarefound. TheCalifornia
Departmentof ParksandRecreationownsthe property(i.e.,Ahjumawi
LavaSpringsStatePark)alongthenorthernpartofthesubdrainageand
the streambedofJa-SheCreekupstreamof thestateparkroadcrossing
(Ja-SheCreekBridge). Thecooperationof PG&E and California
Departmentof ParksandRecreationis necessaryto implementrecovery
actionsrelatedto themanagementof Shastacrayfishand theirhabitat
andtheexclusionof nonnativecrayfish. A cooperativeagreement
shouldbe developedwith PG&E andCaliforniaDepartmentofParks
andRecreationto protectandmanageShastacrayfishon theirproperty.
(This taskalsocontributesto recoverygoals for populationsalready
invadedby signalcrayfishin theupperTuleRiver population.)

1.4.2 Assessfeasibility of installingacrayfishbarrierat theoutflow of
Big Lakeinto theTuleRiver atRatFarmandif appropriate

.

install barrier

.

TheconstrictionwhereBig Lakeflows into theTuleRiver at RatFarm
is theonly possiblelocationwhereaphysicalupstreammigrationbarrier
couldbe built. Installation ofabarrieratthis location,whichwas
upstreamoftheinvasionfront of signal crayfishat thetime ofthelast
survey,couldpreventsignalcrayfishfrom invadingBig Lake. A barrier
would not, however,halt possibleintroductionof nonnativecrayfish
throughtheillegal useofcrayfishasbait. A flumestudy(task3.1)must
be conductedprior to barrierinstallation. If feasible,install thebarrier.

1.4.3 Install a crayfishbarrierat Ja-SheCreekBridgeon Ja-SheCreek

.

Theconstructionofa physical/velocitybarrierwhereJa-SheCreekflows
undertheAhjumawiLavaSpringsStateParkroadatJa-SheCreek
Bridgewould preventsignal crayfishfrom invadingJa-SheCreek. A
flume study(task3.1)mustbe conductedprior to barrierinstallation.
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1.4.4 Assessanddevelopa crayfishbarrierfor CrystalCoveand
Crystal Inlet

.

1.4.4.1 Assessfeasibility of installingacrayfishbarrierat
CrystalCove andCrystalInlet

.

Becausethecoveis fairly wide, it maynot be feasibleto build a
barrieracrossit. Theopeningto CrystalInlet is narrowenough,
but theCrystal Inlet subpopulationof Shastacrayfishprobably
representslessthanhalfofthetotal CrystalCovepopulation.
Theconstructionof aphysicalupstreammigrationbarrieracross
Crystal Covewould preventsignalcrayfishfrom invading both
Crystal CoveandCrystal Inlet andprotecttheonly
subpopulationfree ofsignal crayfishin lowerJa-SheCreek. A
flume study(task3.1)mustbe conductedprior to barrier
installation.

1 .4.4.2 Install barrierat CrystalCove

.

If task 1.4.4.1 determinesthat it is feasible,install the barrierat
Crystal Cove.

1.4.5 Initiatea signalcrayfisheradicationprogramupstreamofall
barriers

.

Usebaitedtrapsandhandcollecting to eradicatesignalcrayfish
upstreamofthebarriersin theupperTule River. Thegoal is to
eliminateany nonnativecrayfishin Big Lake,Ja-SheCreekheadwaters,
and CrystalCove.

1.4.6 Developalternativeleveemaintenancepractices

.

Dredgingshouldbe replacedwheneverpossibleby reconstructionofthe
leveesusingmaterialtruckedin from borrowpits. Thematerialfrom
borrowpits is morestructurallysoundthandredgedmaterial. Useof
lavasubstratewould fortify the leveesandcreateadditionalhabitatfor
Shastacrayfish. An actionplanmustbe developedprior to any lava
placementto minimize thedisturbanceandimpacton Shastacrayfish.
To minimize disturbance,Shastacrayfishcouldbe temporarilyrelocated
to habitatnearbyandreplacedafterleveesarefortified. (If thereis no
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adjacenthabitat,substratecouldbe addedto createasuitablerelocation
area.)Inaccessiblestretchesof levee,suchasthestateparklevee,
shouldbe abandonedin place.

1.4.7 EnhanceandcreateShastacrayfishhabitat

.

EnhanceShastacrayfishhabitatin all subpopulationsin Big Lakeand
theHorr PondleveeexceptNorth Big LakeandBig LakeSpring
subpopulations.Add appropriatesubstrate.An action planmustbe
developedprior to any lavaplacementto minimize thedisturbanceand
impacton Shastacrayfish. Shastacrayfishcouldbe temporarily
relocatedto habitatnearbyandreplacedafterhabitatenhancement.(If
thereis no adjacenthabitat,substratecouldbe addedto createa suitable
relocationarea.)

1.4.8 Plantleveesandriparianareaswith nativeplants

.

Plantleveesandriparianareaswith perennialgrassesandothernative
speciesto aid in bankstabilization. This would reducetheneedfor
leveemaintenance,increasebank stability, reducesedimentinput, and
resultin lessdisturbanceto Shastacrayfishpopulationsin thevicinity of
theleveesandstreambanks.Burn theexistingvegetationon the levee
beforeseeding.(This taskalsocontributesto recoverygoalsfor
populationsalreadyinvadedby signalcrayfishin thearea.)

1 .5 ProtecttheRisingRiverpopulation—freeofsignalcrayfish

.

TheRisingRiver subdrainage,includingRising River, RisingRiverLake,
andtheRisingRiver Lakeoutflow channel,containstheonly Shastacrayfish
populationfreeof signal crayfishin theHat Creekdrainage. Protectionof
this populationis essentialto therecoveryeffort.

1.5.1 Securethecooperationof landownersto manageandprotect
Shastacrayfish

.

Therearefour privatepropertieson the Rising River subdrainage.
Rising River is closedto thegeneralpublic. Shastacrayfisharelocated
on thetwo upstreamproperties.Thecooperationofbothupstream
landownersis necessaryto implementrecoveryactionsrelatedto the
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managementof Shastacrayfishandtheirhabitat.Thecooperationof the
landownerupstreamoftheCasselBridge is necessaryto implement
recoveryactionsrelatedto exclusionofnonnativecrayfish. A
cooperativeagreementshouldbe developedwith theselandownersto
protectandmanageShastacrayfishon theirproperties.

1.5.2 Install a crayfishbarrieron Rising River attheCasselRoad
crossing

.

Theconstructionofaphysical/velocityupstreammigrationbarrierwhere
CasselRoadcrossesRising River(3.1 kilometers[1.9 miles] upstream
of thetown of Cassel)would preventsignalcrayfishfrom invadingthe
majority of theRising River subdrainage.This upstreammigration
barrierwouldprotectall Rising River subpopulationsof Shastacrayfish
anda largeexpanseof suitablehabitatthat is notbeingusedby Shasta
crayfish,but probablywould be suitableasrefugia. A flume study(task
3.1)mustbe conductedprior to barrierinstallation.

1.6 ProtectthePit Riversubpopulationsat SuckerSpringsCreek—invaded
by signalcrayfish

.

Thelargestconcentrationof Shastacrayfishin themidsectionsofthePit
River,one that wasoncefreeofsignal crayfish,is locatedat SuckerSprings
Creekin Pond3 oftheCaliforniaDepartmentof FishandGamePit River
Hatchery. Thehatcherywasclosedin 1997andis in theprocessof being
dismantled. As aresultofthe 1996 invasionof signalcrayfishinto Pond3,
this subpopulationis no longer freeof signal crayfish,andits numbershave
beendramaticallyreduced(Ellis 1997). Eradicationof signalcrayfishand
restorationandprotectionof theSuckerSpringsCreeksubpopulationare
essentialto recoveryof theShastacrayfish.

1.6.1 SecurethecooperationofPG&E andCaliforniaDepartmentof
FishandGameto manageandprotectShastacrayfish

.

ThecooperationofPG&E, asthelandowner,andCaliforniaDepartment
of FishandGame,asthe previouslessee,is necessaryto implement
recoveryactionsrelatedto managementof Shastacrayfishandtheir
habitatandthe exclusionofnonnativecrayfish.
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1.6.2 Ensurethattheweirsbetweenall Ponds(Ponds1.2.3.4.and5’

)

anddownstreamofPond5 arekept in place

.

Theseweirsactasbarriersto theupstreammigrationofsignalcrayfish.
Ensuringthatall of theseweirs(includingtheflashboards)arekept in
placewill preventfurtherupstreammigrationof signal crayfishinto the
Shastacrayfishpopulationin SuckerSpringsCreek. Replace
flashboardsif necessaryto ensuretheintegrity ofthebarrier.

1.6.3 Restorehabitatin Ponds1 and2 andrelocateShastacrayfish
from Ponds2 and 3

.

Eradicationof signalcrayfishin Pond3 will resultin substantialhabitat
disturbanceandpotential impactsto individual Shastacrayfish.
Restoringhabitatin Ponds1 and 2 will createrefugiato relocateShasta
crayfishto duringeradicationandrestorationproceduresin Pond3.
Restorationin PondsI and2 will alsocreateadditionalhabitatin Sucker
SpringsCreek.

1.6.3.1 RestoreShastacrayfishhabitatin PondsI and 2

.

Removethefencing/revetmentalongthenorthbanksof Ponds1
and 2. Removecementwalls,walkwaysandrevetmentson the
south sideof thepondsandreturnthebankandchannelto
naturalconditionsby rearranginglavaboulderandcobblesand
importingmorelavasubstrateif necessary.

1.6.3.2 If Shastacrayfisharefoundin Pond2. withoutsignal
crayfishpresent.relocateShastacrayfishto PondI

.

During task 1.6.3.1, thereis theremotepossibility of finding
someShastacrayfishbehindthefencing/revetmentin Pond2 that
werenot detectedpreviously. If any Shastacrayfisharefound in
Pond2 andNO SIGNAL CRAYFISH arefound,movethese
Shastacrayfishto Pond1. (This stepis necessaryto avoid
contaminatingany Shastacrayfishin Pond2 that havenever
beenexposedto signal crayfishdiseaseand/orcommensals).
Theweir betweenPondsI and2 shouldbe maintained.
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1.6.3.3 RelocateShastacrayfishfrom Pond3 to Pond2

.

OncePond2 is restoredandShastacrayfishare relocatedto
Pond1 (if theyhavehadno exposureto signalcrayfish),relocate
all Shastacrayfish from Pond3 to Pond2. Bouldersandcobbles
shouldbe removedcarefullyalongthenorthandsouth banksof
Pond3 sothat all Shastacrayfishcanbe recoveredandmovedto
Pond2.

1.6.4 Initiateasignalcrayfisheradicationprogramin Ponds3 and4

.

Once task 1.6.3.3 is completed,initiate an eradicationprogramin Ponds
3 and 4 usingbaitedtrapsandhandremoval. Eradicationwill be
consideredcompleteif signal crayfisharenot foundduringcomplete
surveysfor 3—4 consecutiveyears.

1.6.5 Restorehabitatin Pond3

.

Enhancecrayfishhabitatin Pond3 by relocatingappropriatesubstrate
by handfrom the banksandhillside into thechannel. Import additional
lavarock if necessary.Removecementwalls, walkwaysandrevetments
on thesouthsideof thepond andreturnthebankandchannelto natural
conditionsby rearranginglavaboulderand cobblesand importingmore
lavasubstrateif necessary.

1.6.6 lnstallacrayfishbarrierat themouthof SuckerSpringsCreek

.

Install acrayfish barrierat themouthof SuckerSpringsCreekto prevent
further invasionof signal crayfishfrom thePit River. A flume study
(task3.1)mustbe conductedprior to barrierinstallation.

1 .6.7 Initiatea signalcrayfisheradicationprogramin SuckerSprings
Creekdownstreamof Pond3

.

Implementa programto eradicatesignal crayfishin SuckerSprings
Creek,downstreamofPond3, usingbaitedtrapsandhandcollection.
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1.6.8 Evaluatestatusof Shastacrayfishsubpopulationin Sucker
Springsand.if appropriate,removeall barriersbetweenPonds3

.

2~n4i.

After tasks 1.6.3, 1.6.5, and 1.6.6 arecompletedandthecriteriaaremet
for determiningthat signalcrayfishhavebeeneradicated(seetask
1.6.4),if appropriate,removebarriersbetweenPonds3, 2, and 1 and
allow crayfishto colonizeall availablehabitat.

1.7 RestoreSuckerSpringsCreekupstreamof hatchery

.

Restorationof SuckerSpringsCreekupstreamofthehatcherycould
potentiallyprovide habitatfor Shastacrayfish.

1.7.1 Removethedamandculvert upstreamof thehatchery

.

Removalofthedamand culvert would restorenormalflow in the
channelupstreamof thehatchery,which would flush outsomeofthe
sedimentthathasaccumulatedover the last 10 years.

1.7.2 Removesedimentupstreamof thehatchery.if necessary

.

If removingthedamis not suflicient to washawaysedimentthathas
accumulatedupstreamofthedam,sedimentshouldbe removed
mechanically.

1.7.3 Add substrateupstreamofthehatchery.if necessary

.

If thereis not enoughgravelin thestreamchanneloncesedimentis
removed,appropriatesubstrateshouldbe imported. Lavacobblesand
bouldersshouldbe placedin thestreamchannelupstreamof the
hatchery.

2. Protectandenhancepopulationsof Shastacrayfishinvadedby signal
crayfish

.

Signal crayfishhaveinvadedpartsof five ofthe sevenShastacrayfish
populations. Althoughthecompleteeradicationof signalcrayfishfrom all of
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thesepopulationsmaynotbe feasible,theprotectionand enhancementof
thesepopulationsis importantfor therecoveryandmanagementof Shastacrayfish.

2.1 Protectandenhancethe Hat Creek.Casselpopulation—invadedby
signal crayfish

.

CrystalLakehastheonly self-sustainingpopulationof Shastacrayfishin the
HatCreek,Casselpopulationarea. Signalcrayfishhavebeenin CrystalLake
with Shastacrayfishsince 1978. This populationmayhold theanswerto two
majorquestionsthatare vital to therecoveryeffort: (1) Whatcausedthe
decrease(i.e., predation,competition,disease)in Shastacrayfishabundance
afterinvasionby signalcrayfish,and(2) how/whyhasapproximately10
percentof theestimatedpopulationsurvived?

2.1.1 Securethecooperationof PG&E andCaliforniaDepartmentof
FishandGameto manageandprotectShastacrayfish

.

Thecooperationof PG&E andCaliforniaDepartmentofFish andGame
is necessaryto implementrecoveryactionsrelatedto themanagementof
Shastacrayfish andtheirhabitatandto eradicateor controlnonnative
crayfish. A cooperativeagreementshouldbe developedwith PG&E and
CaliforniaDepartmentof Fishand Gameto protectand manageShasta
crayfishon this property.

2.1 .2 Install acrayfishbarrierattheoutflow of Crystal Lakeinto
Baum Lake

.

Install an upstreammigrationbarrierattheoutflow ofCrystalLaketo
preventthe furtherinvasionof signal crayfishfrom BaumLake. A
flume study (task3.1)mustbe conductedprior to barrierinstallation.

2.1.3 Initiateasignal crayfisheradicationprogramin CrystalLake

.

Baitedtrapsandhandcollectionsshouldbe usedin a signalcrayfish
eradicationprogramin CrystalLake. Installing temporarybarriers
would allow eradicationwithin smallerareas.
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2.1.4 Improvelandusepracticesat CrystalandBaumLakes

.

PG&E leasesgrazingprivilegesat CrystalandBaumLakes,andhas
contractedfor salvageloggingofdiseasedtreesin theHatCreek
drainage,includingCrystalLake. Theseactivitieshavecontributedto
surfacerunoff, sedimentation,andeutrophicationoftheselakes.

2.1.4.1 Excludeor removecattlefrom theriparianzoneof
CrystalandBaumLakes

.

Work with PG&E to excludeor removecattlefrom Crystaland
Baum Lakes,to preventcattlefrom grazingtheriparianareaand
wading into the lakes.

2.1.4.2 Developwaterwayprotectionzonesaroundthelakes

.

Work with PG&E to developwaterwayprotectionzonesaround
thelakesto preventgrazing,logging,or otherpotentiallyharmful
practicesfrom occurringcloseto the lakes.

2.1.5 Institutefishing restrictionsat theoutflow of C~stalLake

.

All fishing in theoutflow areaof CrystalLakedownstreamfrom the
hatcheryintake(i.e., theareaapproximately100 meters[325 feet]
upstreamoftheoutflow) shouldbe closedto minimize disturbanceto
Shastacrayfishfrom wading.

2.2 ProtectandenhancetheupperTuleRiversubpopulationif feasible

—

invadedby signalcrayfish

.

Shastacrayfishin theTule Covesshouldbe protectedandsignalcrayfish
shouldbe eradicatedfrom theseareas.In addition,signalcrayfishhavealso
invadedtheupperTule River into the east-andsouth-shoresubpopulations
of Shastacrayfish. Thesouth-andeast-shoreupperTuleRiver
subpopulationswould be greatlyenhancedby theadditionof lavasubstrate
to createShastacrayfishhabitat. Thesizeof thewatercourseandthe location
of theeast-andsouth-shoresubpopulationsdo not lendthemselvesto the
constructionof barriers.
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2.2.1 Install crayfishbarriersattheentrancesof eastandwestTule
Coves

.

Theconstructionofaphysicalupstreammigrationbarrieratthe
entranceof eastandwestTule Coveswould stoptheinvasionof signal
crayfish. A flume study (task3.1)mustbe conductedprior to barrier
installation.

2.2.2 Initiateasignal crayfisheradicationprogramin Tule Coves

.

Oncethebarriersare in place,usebaitedtrapsandhandcollectionsto
removesignalcrayfishin eastandwestTule Coves.

2.2.3 Enhancehabitatfor ShastacrayfishhabitatalongtheupperTule
River

.

EnhanceShastacrayfishhabitatalongtheeastand southshoresof
upperTuleRiver by addingappropriatelavasubstrate.Prior to any
lavaplacement,aplanmustbe developedto minimizedisturbanceand
impactsto Shastacrayfish. Shastacrayfishcouldbe temporarily
relocatedto habitatnearbyandreplacedafterthe leveesare fortified.
(If thereis no adjacenthabitat,substratecouldbe addedto createa
suitablerelocationarea).

2.2.4 Removeor controlmuskratpopulationsin thewatershed

.

Thecontroland/oreradicationof muskratpopulationsin thewatershed
would be beneficialto Shastacrayfishby reducingsedimentationand
lossof habitatandby reducingpredation. Potentialcontrol/removal
programsshouldbe exploredandtestedin the field.

2.3 ProtectandenhancethePit RiverPopulationin themainstemPit
River—invadedby signal crayfish

.

Recentfindings of Shastacrayfishin two locationsin themainstemPit River
(Pit River Falls,Pit River CanyonSprings)renewhopethat Shastacrayfish
arefoundthroughoutthesectionofthePit River betweenthehistoric mouth
of theFall River andtheconfluencewith Hat Creek.
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2.3.1 SecurethecooperationofPG&E to manageandprotectShasta
crayfish

.

PG&E ownsmost ofthe land,including theriverbed,alongthe
midsectionsofthePit River. A cooperativeagreementshouldbe
developedwith PG&E to protectandmanageShastacrayfishon this
property.

2.3.2 Determinethestatus,distribution,andrelativeabundanceof
Shastacrayfishin themainstemPit River

.

Conductathoroughscuba/snorkelsurveyof at leastthemarginsof the
entire Pit River betweenthehistoric confluenceofFall River andthe
confluenceofHat Creekto determinethestatus,distribution,and
relativeabundanceof Shastacrayfishin themainstemPit River. Scuba
gearis necessaryto conductthoroughShastacrayfishsurveys,unless
waterdepthis lessthan60 centimeters(2 feet). Becauseit is difficult
to accessthePit River Canyonupstreamof thePit 1 Powerhouse,this
sectionshouldbe surveyedover an approximately1- to 2-weekperiod
using an inflatableraft for supportsothat surveyorscouldcamp
overnight. ThePit River Canyonsectionshouldbe surveyedwhenthe
flow in theriver is low, but beforetheriver is eutrophic;dependingon
theseason,eutrophicationwould probablyoccurin late Juneto July.
ThePit Riverdownstreamfrom thePit 1 Powerhousecanbe accessed
ata numberof locationsby dirt roads. This sectionshouldbe surveyed
in themorningsbeforePit I Powerhouseincreasestheflow.

2.3.3 Restoreacontinuousreleaseof waterthroughthe Fall River into
thePit River

.

Improvingwaterqualityby releasingwatercontinuouslythroughthe
Fall Riverwould benefitShastacrayfishin themainstemof thePit
River. Theideal amountofwaterflow neededfor Shastacrayfishis
unknownat this time; however,any increaseofwaterflow in thePit
River abovePit I powerhousewould improvewater quality, which
shouldimproveconditionsfor Shastacrayfish.

106



2.4 ProtectandenhancetheupperFallRiver population—invadedby signal
crayfish

.

2.4.1 Work with agenciesto includeShastacrayfishin
management/restorationplansfor theFall River

.

TheFall RiverResourceConservationDistrict, in conjunctionwith
CaliforniaDepartmentof FishandGame,theCentralValley Regionof
the StateWaterQuality ControlBoard,and otheragenciesand
researchers,arecurrentlyworking on a studyandrestorationplanfor
theFall River (see“Fall RiverSedimentStudy”). Theprotectionand
enhancementof Shastacrayfishshouldbe includedin this plan.

2.4.2 EnhanceShastacrayfishhabitat

.

Uncoverall visible lavacobblesandbouldersat Fletcher’sBendand
Lennihan’sFootbridgeby turningrocksover so that theyareon top of,
insteadof coveredby, thegravelandsediment. This enhancementcan
be accomplishedby diversduring monitoring surveys. If thereis still a
shortageafteruncoveringlargercobblesandboulders,appropriate
substratecanbe importedfrom thesurroundingarea.

2.4.3 Assessfeasibility of installing site-exclusionbarriersaround
Shastacrayfishhabitatand install barriersif feasible

.

Installationof site-exclusionbarrierswouldprotectsmall Shasta
crayfishsubpopulationsand“islands”of Shastacrayfishhabitatfrom
theinvasionof signalcrayfish. BecauseShastacrayfish do not appear
to migratefar, site-exclusionbarrierswould haveminimal impacton
them. If site-exclusionbarriersaremechanicallyfeasible,install
barriersaroundthe subpopulationsat Fletcher’sBend andLennihan’s
Footbridge. A flume study (task3.1)mustbe conductedprior to barrier
installation.

2.4.4 Implementsignalcrayfisheradicationprogram

.

If site-exclusioncrayfishbarriersareinstalled(task 2.4.3), implement
an eradicationprogramfor signalcrayfishwithin thebarriers.
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2.4.5 Collaboratewith privateorganizationsto includetheShasta
crayfishin restorationplansfor theFall River

.

The protectionandenhancementof Shastacrayfishin theFall River
shouldbe includedin any planto restoretheFall River.

3. Conductnecessaryresearchto developeffectivemanagementplansforthe
Shastacrayfish

.

3.1 Designandconductflume studiesto developandtestcrayfishbarrier
designs

.

Large-scaleflumestudiesshouldbe designedandconductedto testthe
effectivenessofbarrierdesignsusingsignalandvirile crayfishunder
different velocity regimes,including no flow (i.e., completephysicalbarrier),
andto determinetheimpactsofsedimenttransportandvegetationonbarrier
effectiveness.Studiesshouldbecompletedfor all siteconditionsbeforeany
barriersareinstalledwithin therangeoftheShastacrayfish(seeAppendix
C). Thereareanumberofflumesalreadyestablishedby researchers
studyingflow velocitiesthatcouldbepotentialsitesfor Shastacrayfish
studies.

3.2 Determinetherechargearea(sourceofwater~for theFall Riverand
protectit from potentialdisturbances

.

TheMedicineLakeHighlandsarethoughtto betherechargeareafor theFall
River. Proposedgeothermaldevelopmenthasthepotentialto negatively
impactShastacrayfishin theFall River. Researchshouldbeconductedto
determinewheretherechargeareasarefor theFall River andtheirdegreeof
interconnectivitywith thespringsin themidsectionsof thePit River
drainage.Theserechargeareasshouldbeprotectedfrom all potential
disturbances,suchasgeothermaldevelopmentandwaterdiversions.

3.3 EstimateShastacrayfishabundanceanddeveloptargetsfor asustainable
andwell-distributedpopulation

.

Analyzeavailablesurveydatato estimatepopulationandsubpopulation
densities,if feasible. If moresurveydataareneededto establishappropriate
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populationparameters,developandimplementsurveysto collectdatato
completetheanalysis.Determinepopulationtargetsfor recovery.

3.4 Continueresearchon theecology.behavior.andpathologyof Shasta
crayfish

.

Managementof Shastacrayfishpopulationsrequiresa workingknowledgeof
Shastacrayfishecology,including food requirementsandnutrition.
Managementof Shastacrayfishpopulationsinvadedby nonnativecrayfish
requirescontrolof nonnativecrayfishpopulationsanddeterminationofthe
majormechanismsregulatingspeciesreplacement(i.e., thereplacementof
Shastacrayfishby signalcrayfish). Determiningtheeffectsof interspecific
interactions,including competition,predation,commensals,andpathology,
will facilitatethedevelopmentand implementationofmanagementplansfor
Shastacrayfish. All studiesshouldbe designedto maximizethepotential
benefitsto thespecies(i.e., informationthat canbe usedto helpmanageand
protectthespecies),while minimizing the impacts,disturbance,andpotential
mortality to Shastacrayfish.

3.4.1 Determinefoodpreferencesandnutritional requirementsof
Shastacrayfish

.

Determinethefoodpreferences,nutritional needs,andforagingarea
requirementsfor self-sustainingpopulationsof Shastacrayfish.
Determinetheage-specificfood habitsthroughouttherange. Determine
theimportanceof seasonallyabundantpotentialfood resourcessuchas
sucker,trout, andsculpineggs. If seasonalfood resourcesareimportant
to Shastacrayfish,thenShastacrayfishhabitatshouldbe redefinedto
includethepresenceof theseseasonalfood sources.

3.4.2 Determinethe effectsof signalcrayfishon Shastacrayfish

.

3.4.2.1 Determinetheeffectsof signalcrayfishcompetition
andpredationon Shastacrayfish

.

Determinethe importanceandrole of exploitativecompetition,
interferencecompetition,and predationby signalcrayfishon
Shastacrayfish. Determinetheimpactsof age,size,and
aggressivedominanceand otherbehaviorsin theseinteractions.
Currentresearch(Ellis submitted)will clarify thecompetitive
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effectsofsignalcrayfishon thebehavior,useofrefugia,and
activity level of Shastacrayfishandtheimpactof atwo-fold size
advantageofsignal crayfishin theseinteractions.Further
researchis necessaryto determinetheeffectsof competitive
interactionson Shastacrayfishgrowthandto determineif
competitionandpredationare majormechanismsregulating
speciesreplacement.

3.4.2.2 DeterminetheeffectsofmatingsbetweenShasta
crayfishandsignal crayfish

.

Determinetheimportanceand roleof interspecificmatings
betweensignalcrayfish andShastacrayfishandtheresulting
negativeeffectson productionofoffspring(reproductive
interference)by Shastacrayfish. Determinetheimpactsof size,
gender.andbehaviorin theseinteractions.Determineif
interspecificmatingsandreproductiveinterferenceareamajor
mechanismregulatingspeciesreplacement.

3.4.2.3 Determinethe impactof pathogensintroducedto
Shastacrayfishby signal crayfish

.

Determinetheimpactofdiseases,suchasthecrayfishplague,
that maybe carriedby invadingsignalcrayfish. Determinethe
importanceandeffect of fungal,protozoan,bacterial,andviral
pathogenson Shastacrayfish. Determinetherole thatpathogens
haveplayedin thedeclineof Shastacrayfishpopulations,suchas
CrystalLake.

3.4.2.4 Determinetheeffectsof incidentalsecondaryinvaders
from signalcrayfish.suchascommensal
branchiobdellidanwormsandostracods.on Shasta
crayfish

.

Determineif thecommensalorganismstypical ofsignal crayfish
arehostsor carriersof diseasesor parasitesto which Shasta
crayfishare not resistant.Determineif commensal
branchiobdellidanworms andostracodshavehad anegative
effect on Shastacrayfishandcontributedto thedeclineofShasta
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crayfishabundancein populationsinvadedby nonnative
crayfish.

3.4.3 Determinetheeffectsof virile crayfishon Shastacrayfish

.

Determinetheimportanceandrole of competition,predation,
interspecificmatingsand reproductiveinterferenceby virile crayfishon
Shastacrayfish. Determinetheimportanceandrole ofpathogensand
commensalsimportedinto Shastacrayfishpopulationsby virile crayfish.
Determinethemajormechanismsregulatingspeciesreplacement.

3.4.3.1 Determinetheeffectsof virile crayfishcompetition
andpredationon Shastacrayfish

.

Determinetheimportanceandroleof exploitativecompetition,
interferencecompetition.andpredationby virile crayfishon
Shastacrayfish. Determinethe impactsof age,size,and
aggressivedominanceandotherbehaviorsin theseinteractions.

3.4.3.2 Determinetheeffectsof interspecificmatingsand
reproductiveinterferenceof virile crayfishonShasta
crayfish

.

Determinetheimportanceandrole of interspecificmatingsand
reproductiveinterferenceby virile crayfishon Shastacrayfish.
Determinetheimpactsof size,gender,andbehaviorin these
interactions.Determineif interspecificmatingsandreproductive
interferenceareamajor mechanismregulatingspecies
replacement.

3.4.3.3 Determinetheimpactof pathogensintroducedto
Shastacrayfishby virile crayfish

.

Fungal,protozoan,bacterial,andviral pathogensmaybe carried
into Shastacrayfishpopulationsby invadingvirile crayfish.
Determinetheimportanceandeffect of thesepathogenson
Shastacrayfish.
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3.4.3.4 Determinetheeffectsof incidentalsecondarvinvaders
from virile crayfish.suchascommensal
branchiobdellidanwormsandostracods.on Shasta
crayfish

.

Determineif thecommensalorganismstypical ofvirile crayfish
arehostsor carriersof diseasesor parasitesto which Shasta
crayfishare not resistant.Determineif commensal
branchiobdellidanwormsand ostracodshavehada negative
effect on Shastacrayfishandcontributedto thedeclineof Shasta
crayfishabundancein populationsinvadedby virile crayfish.

3.5 Conductgeneticstudieson Shastacrayfish subpopulations.if feasible

.

If geneticstudiescanbe conductedusingclaws,walkinglegs, orotherparts
ofShastacrayfishthatcanbe regenerated,thenstudiescoulddetermine
whethersubpopulationsandpopulationsaregeneticallydistinct from each
other. Determiningtheamountof geneticdiversity bothwithin andbetween
subpopulationswould clarify theamountofmovementandexchangethat
occursbetweensubpopulations.

This informationwould haveto be obtainedbeforeany Shastacrayfish are
moved,reintroduced,or addedto supplementexistingpopulations,because
theseactivitieswould contaminatepotentiallydistinctgenecombinations.
Thisgeneticinformationwill be foreverobscuredif Shastacrayfishfrom
different subpopulationsarecombinedandthey interbreed.In addition, if
someof thesmall Shastacrayfishpopulationshavealreadygonethrough
severeinbreedingso that deleteriousgeneshavebeendeleted,the
introductionof Shastacrayfish with differentgenomes(setsof
chromosomes)couldhaveanegativeimpacton thepopulation. Becausethe
sacrificeof any individualsis consideredto be extremelycostlygiventhe
estimatedsize of subpopulationsand thetotal Shastacrayfishpopulation,the
relativebenefitsof this informationwould haveto be consideredagainstthe
costsif individualsneedto be sacrificedto conductthesestudies.

4. Monitor andassessShastacrayfishpopulationsandmodify management
plansasnecessary

.

Continuedmonitoringof Shastacrayfish populationsis necessaryto determinethe
successof managementand whenrecoveryis achieved.Monitoring of
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populationsupstreamof barriersis necessaryto ensurethat thesebarriersare
completelyeffective. Surveysshouldbe ongoingto assesslong-termpopulation
trendsandto helpidentify managementneeds.Managementplanswill be revised
to incorporatenew informationasnecessary.

4.1 Periodicallymonitor thestatusof signalcrayfisheradicationin invaded
populations

.

Onceeradicationof signal crayfishappearsto be complete,follow-up
surveysoftheareashouldbe conductedto determinewhethersignalcrayfish
havebeen100 percenteradicatedandto determinewhether crayfishbarriers
aresuccessfullykeepingsignalcrayfishfrom invading. Thefrequencyof
follow-up checkswould be determinedon a case-by-casebasisbasedon the
effectivenessof thebarrier.

4.2 Monitor statusof Shastacrayfishpopulationsannually

.

Monitor Shastacrayfishpopulationsyearlyto determinetheirstatusand
relativeabundanceand to determinethepresence/absenceofnonnative
crayfishspecies.SeeAppendixD for monitoringmethods.Monitoring
would alsodeterminewhethercrayfishbarriersareeffectively keepingout
nonnativecrayfish.

4.3 Monitor crayfishbarriers

.

Theintegrity ofcrayfishbarriersshouldbe monitoredseveraltimes ayear.
Visual inspectionof barrierswould be necessaryimmediatelyaftermajor
stormsandrunoff. Any sediment,vegetation,or debrisbuilt up on thebarrier
wouldneedto be cleanedoff as soonaspossible.

5. Developeffectivewatershedandecosystemmanagementplansfor all
drainagessupportingShastacrayfishpopulations

.

Thewatershedfor theShastacrayfish is definedasthemidsectionofthePit River
drainage,which includestheFall Riverand Hat Creeksubdrainages.TheBear
Creekdrainageshouldbe includedin themanagementplanbecausesediment
transportfrom theBearCreekdrainageimpactsFallRiver. Properwatershed
managementis necessaryto minimize impactson Shastacrayfish. Watershedand
ecosystemmanagementwill benefitotherrareendemics,in additionto Shasta
crayfish.
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5.1 Work with landownersandmanagersto improvemanagementpractices

.

A cooperativeeffort with landownersandmanagerswould helpprotectthe
watershedwhereShastacrayfishoccurorareimpacteddownstream.Many
landownersarealreadyvery goodstewardsandarepracticingmeasuresto
safeguardthequality ofhabitaton theirland. It is usefulto periodically
reviewmanagementpracticesandimprovethemto minimize impactson the
species.Examplesstill existof cattlegrazingin riparianareasandalong
levees,which resultsin increasederosionandelevatedsedimentandnutrient
loading. Other landmanagementpracticesthat mayimpactShastacrayfish
includetimberharvest,bridgeconstruction,and agriculture.

5.2 Modify andenforceregulationsto aid in controlofnonnativespecies

.

Thecontrolofnonnativespeciespopulationsthroughmodificationand
enforcementofregulationsandthepreventionof any introductionsofnew
exotic speciesin thewatershedis essentialto therecoveryandmanagement
of Shastacrayfishandtheecosystem.

5.2.1 Chan~ethefishing regulationsfor crayfishing

.

To aid in removingsignal crayfishfrom thewatershed,areaswhere
crayfishingis allowedshouldbe expandedto includetheFall River from
SpringCreekBridgeto theconfluencewith thePit River; in Eastman
LakeandLittle Tule River, exclusiveof tributaries;HatCreekfrom
CasselPondto theconfluencewith the Pit River, exclusiveof
tributaries;andLakeBritton.

5.2.2 Enforcetherestrictionon theuseof crayfishasbait

.

Therestrictionon the useofcrayfishasbait shouldbe stronglyenforced.
Enforcementcouldbe facilitatedthroughpublic awareness(seetask6).
In addition,potentialrewardsfor tips or reportsofviolators might aid
enforcement.Theeffectivenessof increasedenforcementefforts should
be evaluatedand thepotential for additional funding explored.
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5.2.3 Increaseenforcementof regulationsto prohibit theintroduction
of any newexotic species

.

Increasedenforcementof Section671,Title 14, CaliforniaCodeof
Regulationswould moreeffectively reducetheintroductionof any new
exotic species,plant or animal. It is very difficult eitherto predictthe
rangeof impactsfrom introductionsor to eradicateintroducedspecies
oncetheyareestablished.

5.3 Establish/regulatewaterquality standardsin thewatershedin
cooperationwith theCentralValley RegionoftheStateRegionalWater
Ouality Control Board

.

Goodwaterquality is necessaryfor thehealthof thewatershedandthe
ecosystemit supports,includingShastacrayfish.

5.3.1 Work with landownersandmanagersto updateirrigation
systemsto benefitwaterquality

.

Updateirrigation systems,particularly in theheadwatersareas,to ensure
that irrigation returnflows cansettlebeforetheyre-entertherivers.
Improvedirrigation systemsshouldlimit nutrientandfine organic
sedimentloading.

5.3.2 Explorepotentialeffectsofagriculturalchemicals,including
insecticides,herbicides.andfertilizers,in runoffandreturn flow
within thedrainage

.

In cooperationwith theCentralValleyRegionof theRegionalWater
Quality ControlBoard,determinetheimpactof agriculturalchemicals,
including insecticides,herbicides,and fertilizers,in runoffandreturn
flow within thedrainage. Specialemphasisshouldbe placedon
conductingan updatedinvestigationoftheeffectsof wild rice farming
on water quality. Explorewaysto minimize identifiedimpacts.

6. Providepublic informationand education

.

Inform thegeneralpublic aboutthe threatsto andthestatusof Shastacrayfish.
Sucha programwill benefittherecoveryeffort andwill serveto increase
awarenessof thecausesof thespecies’endangerment.To counteractthe
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perceptionthat “endangeredcrayfishare foundeverywhere,”inform thepublic
thattherearealso two introduced,nonnativespeciesof crayfish,which arenot
federallylisted, living in the area. Increasingpublic awarenessofthedangersof
introductionmight reducethepossibilitiesofintroductionsof othernonnatives.
Increasingpublic awarenessof thefishing regulationrestrictingtheuseof
crayfishasbait in themidsectionsofthePit River mayhelpcurtail bait-fishing
with crayfish.

6.1 PostsignsattheRatFarmandTuleRiver boataccessesandotherpublic
useareas

.

Signscouldbe postedat theRatFarm andTuleRiverboataccesses,
campgrounds,and otherpublic useareaswithin therangeoftheShasta
crayfishto inform thepublic abouttheShastacrayfishand statethefishing
regulationprohibiting theuseof crayfishasbait.

6.2 Submitarticlesperiodically in thetwo local papersto increasepublic
educationandawareness

.

ArticlesaboutShastacrayfish in the local andReddingnewspaperswould
increasepublic awareness.Therecreationsupplementsfrom local and
Reddingpapersareoftenmadeavailableto motel patronsaswell.

6.3 Make presentationsatlocal primaryandsecondaryschools

.

Increasetheawarenessof the local youth abouttheecologyandplight ofthe
Shastacrayfishby giving yearlypresentations.Involve schoolchildrenwith
recoveryand managementofthe species.

6.4 Provideinterpretiveinformationto visitors at theAhjumawi Lava
SpringsStatePark

.

Supplybrochuresand/orinterpretivesignsto increasepublic awarenessabout
Shastacrayfish.
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IV. IMPLEMENTATION SCHEDULE

The ImplementationSchedulethat follows is a summaryofactionsandestimated
costsfor this recoveryplan. It is a guideto meettheobjectives,identifiesagencies
responsiblefor performingeachtask,andestimatestotal costsfor eachtask. These
actions,whenaccomplished,will satisfythe recoveryobjectives. Initiation ofthese
actionsis subjectto the availability offunds.

Priorities in Column I ofthe following implementationscheduleareassignedas
follows:

Priority 1 - An actionthatmustbe takento preventextinctionor to preventthe
speciesfrom declining irreversibly.

Priority 2 - An actionthatmustbetakento preventa significantdeclinein species
population/habitatquality, or othersignificantadverseimpactshort of
extinction.

Priority 3 - All otheractionsnecessaryto providefor full recoveryof Shasta
crayfish.

Key to AcronymsUsedin the ImplementationSchedule

FWS = U.S. FishandWildlife Service
CDFG = CaliforniaDepartmentof FishandGame
NRCS = NaturalResourcesConservationService
RWQCB CaliforniaRegionalWaterQuality ControlBoard, CentralValley

Region
COE = Army Corpsof Engineers
SCG ShastaCountyGovernment
PG&E = Pacific Gasand Electric Company
CDPR California DepartmentofParksandRecreation

Keyto OtherCodesUsedin the ImplementationSchedule

* Leadagency

Ongoing = Taskis currentlybeing implementedandwill continueuntil
action is no longernecessaryfor recovery.

Continuous= Taskwill be implementedon an annualbasisonce it is begun.
TBD = To bedeterminedafterplans orstudiesaredoneor decisionsmade
TotalCosts Projectedcostoftaskfrom startto completion.
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RecoveryPlanimplementationSchedulefor the ShastaCrayfish

Priority

Upper Fall

Ongoing

3 mo

3 yr

Task Task TaskDuration
Description (Years/Months)

3.1 Designandconduct 1 yr
flume studies

River (population free of signal crayfish)

1.1.1 Work with landowners

1.1.2 Install barrierabove
NavigationLimit

.1.3 RestoreBearCreek
meadow

1.1.4 Enhancehabitat 2 yr

River (population invaded by signal crayfish)

2.4.1 Develop Ongoing
management!
restorationplans

2 2.4.2 Enhancehabitat

2 2.4.3 Developplanfor
site-exclusionbarriers

Ongoing

2 mo

ResponsibleParty

FWS*
CDFG

FWS*
CDFG

F WS~
CDFG,NRCS

RWQCB*
NRCS,COE,
CDFG, SCG

FWS*
CDFG

CDFG*
RWQCB, COE
NRSC,FWS

FWS*
CDFG

FWS*
CDFG

Total
Cost

20

I

500

TBD

Cost Estimates($1000)

FY98 FY99 FY00 FY01 FY02

20

0.25 0.25 0.25

500

TBD TBD TBD

0.25

0.5 0.5

TBD

5-10

52

2-4 3-6

52

Upper Fall

2



RecoveryPlan ImplementationSchedulefor theShastaCrayfish

CostEstimates($1000)

Priority Task Task Task Duration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

Eradicatesignal
crayfishupstreamof
barriers

5 yr FWS*
CDFG

15 2 2 2 2 2

Collaborateon
restorationwith
privateorganizations

Ongoing CDFG*
RWQCB, NRCS

Work with
landowners

Eradicatesignal
crayfishupstreamof
culverts

Monitor and
maintainculvertsat
SpringCreekRoad
crossingasbarriers

Enhancehabitatin
lowerfish trapcove

Ongoing

Ongoing

Ongoing

I yr

FWS*

CDFG, NRCS

CDFG

FWS*
CDFG, SCG

1 0.25 0.25 0.25 0.25

7 1 3 1 1

16 5 10 0.5 0.5

2 2.4.4

Spring Creek

TBD

1.2.1

1.2.2

1 1.2.3

2 1.2.4 FWS*
CDFG



RecoveryPlan ImplementationSchedulefor theShastaCrayfish

CostEstimates($1000)

Priority Task Task TaskDuration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

0.25 0.25 0.25 0.25

1 1.3.2.1

1 1.3.2.2

SurveyLavaCreek
for signalcrayfish

install barrier in east
andwest arms

1 1.3.2.4 Eradicatesignal
crayfishupstreamof
barriers

Continuous FWS*
CDFG

105 25 25 10 10 10

2 1.3.2.3 Install barrierat
outflow of LavaCreek

Work with
landowners

Install barrierat
Ja-SheCreekBridge

Ongoing

3 mu

FWS*, CDFG,
PG&E, CDPR,
NRCS

FWS*
CDFG, CDPR

1 0.25 0.25 0.25 0.25

100 100

Continuous FWS*
CDFG

190 50 50 25 10

Lava Creek

1.3.1 Work with
landowners

Ongoing FWS*
CDFG, NRCS

<I mo

6 mo

CDFG*
FWS

FWS*
CDFG

TBD TBD

Upper Tule River

3 mo FWS*
CDFG

1 1.4.1

1 1.4.3

150 150

1 1.4.5 Eradicatesignal
crayfish



RecoveryPlanimplementationSchedulefor the ShastaCrayfish

CostEstimates($1000)

Priority Task Task Task Duration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

2 1.4.6 Develop
alternativesto
dredgingto
maintain levees

Install barriersat
eastandwestTule
Coveentrances

6 mo FWS*
CDFG

TBD TBD

Eradicatesignal
crayfishat coves

100Continuous FWS*
CDFG

15 15 15 15 15

Enhancehabitat
alongupper
1’ule River

Ongoing FWS*
PG&E, COB

200 100 50 50

Enhanceandcreate
habitat in Big Lake
andHorr Pond

Continuous FWS*
PG&E, COB

200 100 50 50

Usenativeplantsto
stabilizebanksand
levees

Assess/install
crayfishbarrierat
Big Lakeoutflow near
Rat Farm

3 yr

3 mo

PG&E*
COB, CDFG

FWS*
CDFG, COB

50

500

20 20 10

500

Ongoing

2 2.2.1

PG&E*
COE, FWS
CDFG

TBD

2 2.2.2

2 2.2.3

2 1.4.7

3 1.4.8

3 1.4.2



RecoveryPlan ImplementationSchedulefor the ShastaCrayfish

CostEstimates($1000)

Priority Task Task TaskDuration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
4 4 Description (Years/Months) Cost

3 1.4.4.1

3 1.4.4.2

Assessfeasibility of
barrierat Crystal
Cove/CrystalInlet

Install barrier if
feasibleatCrystal
Cove/CrystalInlet

2 mo

3 mo

FWS*
CDFG, CDPR

F \VS*

CDFG, CDPR

\\ork with
landowners

Install barrierat
CasselBridge

Work with
landowners

Ongoing

3 mo

Ongoing

FWS*
CDFG

FWS*
CDFG

FWS*
PG&E, CDFG

1 0.25 0.25 0.25 0.25

500 500

1 0.25 0.25 0.25 0.25

Maintainall weirs
betweenponds

RestorePondsI
and2

RemoveShasta
crayfish from Pond2

Ongoing

2 mo.

I mo

CDFG*
FWS

CDFG*
PG&E, FWS

CDFG*
EWS

TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD

30

Rising River

15 15

500

1 1.5.1

1.5.2

500

Pit River at Sucker Springs Creek (Pit River Hatchery)

1.6.1

1 1.6.2

1 1.6.3.1

1 1.6.3.2



RecoveryPlanImplementationSchedulefor the ShastaCrayfish

CostEstimates($1000)

Prioritx’ Task Task TaskDuration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

1.6.3.3

2 1.6.4

RelocateShasta
crayfish from
Pond3 to Pond2

Eradicatesignal
crayfish in
Ponds3 and4.

I mo

Ongoing

CDFG*
FWS

CDFG *

FWS

TBD TBD TBD TBD TBD

45 15 10 10 10

Restorehabitatin
Pond3

Install barrierat
mouthof Sucker
SpringsCreek

Eradicatesignal
crayfishbelow
Pond3

Continuous FWS*
CDFG

45 10 10 5 5 5

EvaluatePonds1,2,3
andreniovebarriers,
if appropriate

2 1.6.5

2 1.6.6

Ongoing

3 mo

2 1.6.7

2CDFG*
FWS

FWS*
CDFG

2

50

3 1.6.8

50

I nio FWS*
CDFG



RecoveryPlanImplementationSchedulefor the ShastaCrayfish

CostEstimates($1000)

Priority Task Task Task Duration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

Removeupstream
dam andculvert

Removeupstream
sediment

Add lavasubstrate
upstream,if needed

Hat Creek, Cassel

FWS*, CDFG,
PG&E, NRCS

0.25 0.25 0.25 0.25

2 2.1.4.1 Install cattle
exclusionfences

3 yr PG&E*
CDFG

TBD TBD TBD TBD

2 2,1.4.2

2 2.1.5

3 2.1.2

3 2.1.3

Developprotection
zonesaroundlakes

Restrictfishing at
outflow

Install barrierat
Crystal Lakeoutflow
into Baum Lake

Ongoing

1 yr

3 mo

65 65 65 65 65

3 1.7.1

3 1.7.2

3 1.7.3

j; w s~
CDFG

4 mo

2 weeks

I mo

FWS*
CDFG

2

2.1.1

FWS*
CDFG

Work with
landowners

Ongoing

TBDPG&E*
CDFG, FWS

CDFG*

FWS *

CDFG
100 100

525Eradicatesignal Continuous FWS*
crayfishin Crystal Lake CDFG



RecoveryPlanImplementationSchedulefor the ShastaCrayfish

CostEstimates($1000)

Priority Task Task TaskDuration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

Work with
landowners

Surveyfor
Shastacrayfish

2 yr

2 yr

PG&E*
FWS, NRCS

FWS*
CDFG

1 0.5 0.5

20 5 15

Continuous PG&E*, FWS
RWQCB, CDFG

TBD TBD TBD TBD TBD TBD

Determineand
protectrecharge
areafor Fall River

Estimatepopulation
densitiesandestablish
recoverytargets

2 3.4.1

2 3.4.2.1

Study diet and
nutrition of Shasta
crayfish

Determineeffectsof
signalcrayfish
competitionand
predation

3 yr FWS*

CDFG

Ongoing FWS*
CDFG

10 5 2.5 2.5

20 10 10

Pit River (mainstem)

2 2.3.1

2 2.3.2

2 2.3.3

Research

Restorewater
release

00 1 3.2 TBD PG&E

I mo

TBD

5 5FWS*
CDFG



RecoveryPlan ImplementationSchedulefor the ShastaCrayfish

Cost Estimates($1000)

Priority Task Task Task Duration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

2 3.4.2.2

2 3.4.2.3

2 3.4.2.4

3 3.4.3.1

3 3.4.3.2

3 3.4.3.3

3 3.4.3.4

Determineeffectsof
signal crayfishon
reproduction

Determineimpactof
pathogensfrom signal
crayfish

Determineeffectsof
incidentalsecondary
invadersfrom signal
crayfish

Determineeffectsof
virile crayfishon
competitionand
predation

Determineeffectsof
virile crayfishon
reproduction

Determineimpactof
pathogensfrom virile
crayfish

Determineeffectsof
incidentalsecondary
invadersfrom virile
crayfish

3 yr

Ongoing

Ongoing

Ongoing

3 yr

Ongoing

Ongoing

FWS*
CDFG

FWS*
CDFG

FWS*
CDFG

FWS*
CDFG

FWS*
CDFG

FWS*
CDFG

FWS*
CDFG

10 5 2.5 2.5

20 10 10

20 10 10

20 10 10

10 5 2.5 2.5

20 10 10

20 10 10



RecoveryPlanImplementationSchedulefor the ShastaCrayfish

Cost Estimates($1000)

Priority Task Task TaskDuration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
Description (Years/Months) Cost

Studygenetics 5 yr FWS* 30 10 5 5 5 5
CDFG

Monitoring

Monitor crayfish
barriers

Continuous FWS*
CDFG

TBD TBD TBD TBD TBD TBD

Monitor successof Continuous
signal crayfish
eradication

FWS*
CDFG

60 6 6 6 6 6

Monitor statusof
Shastacrayfish

Continuous FWS*
CDFG

60 6 6 6 6 6

Watershed and EcosystemManagement

Enforcebait
restrictions

Control Tule River Continuous
muskratpopulation

CDFG*
NRCS

30 5 5 5 5

NRCS*
CDFG, RWQCB

CDFG*

TBD TBD TBD TBD TBD TBD

I I

3 3.5

1 4.3

2 4,1

2 4.2
0

2 5.2.2

3 2.2.4

Continuous CDFG* 30

3 5.1

3 5.2.1

Work with
landowners

30

5 yr

Changecrayfishing 1 yr
regulations



RecoveryPlanImplementationSchedulefor the ShastaCrayfish

Cost Estimates($1000)

Priority Task Task Task Duration ResponsibleParty Total FY98 FY99 FY00 FY01 FY02
U H Description (Years/Months) Cost

Enforceprohibitions
on introductions
of exoticspecies

Updateirrigation
systemsto improve
waterquality

5 yr RWQCB* TBD TBD TBD TBD TBD TBD

Explore effectsof
agricultural
chemicals

Public Information and Education

Postsignsat boat
accessesandpublic use
areas

2 ~r

6 mo

Write newspaper
articles

Continuous FWS*
CDFG

Makepublic school
presentations

Continuous FWS*
CDFG

10 1 1 1 1 1

Provideinformation at Continuous
Abjumawi LavaSprings
StatePark

CDPR tO 1 1 1 1 1

3 5.2.3

3 5.3.1

Continuous CDFG* 10

3 5.3.2

10

RWQCB*

3 6.1

TBD

3 6.2

TBD TBD

CDFG*

3 6.3

5 5

3 6.4

TBD



V. APPENDICES

APPENDIX A

Morphological DifferencesBetweenShastaand
(from Hobbs1989)

Signal andSignalCrayfish

ShastaCrayfish,Pacifastacusfortis
FederalStatus:Endangered
StateStatus:Endangered

Native only to ShastaCounty

Signal Crayfish,Pacifastacuslenjusculus
Exotic Species

142



APPENDIX B

Terrestrial Specieswith SpecialStatusWithin the Rangeof ShastaCrayfish

Vertebrates

SPECIES STATUS

USFWS CDFG

Accipitridac (kites, hawks) None Speciesofspecial
concern

Falconidae(falcons)

American peregrine falcon
(Fa/coperegrinusanaturn)

Endangered Speciesofspecial
concern

Greater sandhill crane
(Grus canadensislabida)

None Threatened

Bank swallow
(Riparia riparia)

None Threatened

Palebig-eared bat
(Plecotus iownsendii
pallescens)

Speciesof concern Speciesof special
concern

Sierra snowshoehare
(Lepus atnericanus tahoensis)

Speciesof concern Speciesof special
concern

White-tail hare
(Lepus towusendil)

None Speciesofspecial
concern

SierraNevadared fox
l’ulpes vulpesuecawr)

Speciesof concern Threatened

Pacific fisher Speciesof concern Speciesof special
concern(Manespennanhipocifiew

Wolverine
(Gab gubo)

Speciesof concern Threatened
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Plants

As partof their relicensingprocess,PG&E conducteda literatureandherbariareviewto
determinewhetheranyspecialstatusplantscould potentiallyoccurwithin the project
boundariesofthe Pit I andflat Creekprojects. Noneof thesespecieswereobserved
duringPG&E’s surveysof thePit 1 Projectvicinity. Therewereno recordsofany
specialstatusplantsoccurring in the midsectionsofthe Pit River drainag,eaccordingto
the California Natural Diversity DataBase(CNDDB) or the CaliforniaNative Plant
Society(CNPS).

SPECIES STATUS

USFWS CDFG CNPS

Long-haired star tulip
(Cabochoriusiongeharbatusvar.
bongebarhatus)

Speciesof
concern

None Rare,threatenedor
eiidangeredin CA and
elsewhere

Mathias’ button celery
(Ervngiu,n niaihiasiae)

Speciesof
concern

None Plantsof limited
distribution

BoggsLakehedge-hyssop
(Gratiolaheterosepaba)

Speciesof
concern

Endangered Rare,threatenedor
endangeredin CA and
elsewhere

Bellinger meadowfoam
(Lininan/heslboccosaspp.
hellingeriana)

Speciesof
concern

None Rare,threatenedor
endangeredin CA and
elsewhere

EggLake monkeyflower
(Mimuluspygmacus)

Speciesof
concern

None Rare,threatenedor
endangeredin CA and
elsewhere

SlenderOrcutt grass
(Orc ut/ia tenuis)

Threatened Endangered Rare,threatenedor
endangeredin CA and
elsewhere

Western campion
(Sileneoccidentalis spp.
bongisupitata)

Speciesof
concern

None Plantsaboutwhich
moreinformationis
needed
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APPENDIX C

Flume Study For TestingCrayfish Barriers

Becauseof the potentiallyhigh costofcrayfishbarriers,it would beeconomicallyprudentto
test the designandeffectivenessof barriersbeforeinstallingthem. Large-scaleflume studies
shouldbe designedandconductedto testthe effectivenessof barrierdesignsunderdifferent
watervelocity regimes,including no flow (i.e., completephysicalbarrier),andto determinethe
impactsof sedimentationandvegetationon barriereffectiveness.To test the effectivenessof
barrierdesignsunderdifferentvelocity regimes,signal crayfish shouldbe placeddownstreai’n
of thebarrier in the flume while an aromaticbait is placedupstreamof the barrier. The flume
shouldbe left running for severalday’s, if possible,at eachofthe testvelocities. Different
designsfor velocity/physicalbarriersshould betested,rangingfrom strictly velocity’ barriers
wherethereis sufficient watervelocity to impedeall upstreammovementof signalcrayfishto
a strictly physicalbarrier to blocksignal crayfishmovementsin no flow conditions. The
effectivenessof thechosenbarrierdesign(s)shouldalso be testedusingvirile crayfishunder
the samevelocity regimes.

This velocity regimeshould includethevelocitiesfound atthe 13 proposedbarriersites,which
rangefrom the highestflows atthe culvertsat SpringCreekRoadcrossingandat LavaCreek
outflow, to the no-flow-barriersthatwould be requiredto keepsignal crayfishfrom migrating
into Big Lake,eastandwestTule Coves,CrystalCoveandInlet, andsite-exclusionbarriersfor
themainstemFall River subpopulations.Oncea barrierdesign(s)(i.e., modificationson a
basic designmaybe necessaryfor differentflow regimes)is found to be effective,the impact
of sedimenttransporton barriereffectivenessshouldbe tested. It is importantto testthe
design(s)with sedimentin thechannel(i.e., flume)since sedimentcould renderan otherwise
effectivebarrier ineffective. Similarly, the effectof downstreammovementof vegetationand
otherdebrison barriereffectivenessshouldalsobetested.
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APPENDIX D

Methods For ShastaCrayfish Surveys

The Shastacrayfishsurveysthat havebeenconductedsince1990can be divided into two
categories:exploratory andmonitoring. Exploratorysurveyswereconductedto map
habitat,substrate,vegetation,andthe distribution of Shastacrayfish,introducedcrayfish,
andsculpinthroughoutthe entiresurveyarea. Most of thesesurveyswereconductedfor
PG&E as part of the relicensingprocessfor its Pit 1 and flat Creekhydroelectricprojects
(Ellis andlAesseldenz1993,Ellis 1994a,1995). Exploratorysurveysof the Rising River

drainageandother locationsthateitherwere not surveyedfor PG&E or warranted
resurveyingwereconductedrindercontractwith California Departmentof Fish and
Gamefrom 1994through 1997. Scubaor snorkelinggearwasusedto facilitate the
surveys;scubagearwascommonly usedwhenwaterdepthwas greaterthanabout0.6
meter(2 feet). Surveyswere generallyconductedby oneor two diversandaboat-
tender. Underwaterobservationsweretransmittedto aboat-tender,who recordedthe
dataon enlargedmapsof thesurvey areatracedfrom aerial photographsor USGS
quadrangles.

Riversand streamsweresurveyedby two diverswheneverpossible. Eachdiver
surveyedone-halfofthe river channelby swimmingbackand forth betweenthe
riverbankand the middleof theriver. Work progressedin a downstreamdirection.
Exploratorysurveysof riversandstreamscoveredthe entire lengthofthe river (e.g., Fall
River or Rising River) or sectionof interest(e.g., HatCreekdownstreamfrom the

confluencewith Rising River). The shorelinesof lakesweresurveyedby onediver anda
boat-tender/data-recorder.The teamwould w’ork alongthe entire shorelinein a single
direction. Whenwaterclarity permittedclearviewing, substrateandvegetationwere
also mappedfrom the boat. All naturallyoccurringandimportedboulder,cobble,and
gravel areas,includinglava springpools, the immediatevicinity of bridges,andsubstrate
along leveeswere intensivelysurveyedby divers. Substratexvas identifiedas silt, sand
(rock particleslessthan 2 millimeters (0.01 inch) in diameter),sedimentary(Bear Creek)
river (~ravel (6—40 millimeters [0.2-1.6 inchesj), lavagravel (2—75 millimeters [0.08-2.9t

inchesj in diameter),lava cobbles(75—300 millimeters [2.9-11.8 inchesI in diameter).
lava boulders(greaterthan300 millimeters [II .8 inchesl),lava bedrock,diatomaceous
earth/clay’,or earthenclumps. Vegetation,molluscs,andmostotherinvertebrates~vere
identifiedto genus. Rocks wereturnedover andall crayfishidentified to species.

Although crayfishcapturewas usuallynot necessary’for identification,Shastacrayfish
were capturedandthe following datawere recordedfor eachcrayfish: (I) individual size
measuredas totalcarapacelength(TCL) to the nearestfiftieth of amillimeter with
verniercalipers;(2) sex;(3) physicaldescription,e.g., reproductivestate,color, missing
appendages,andgeneralhealth;and4) descriptionof habitat,locationandbehavior.
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Shastacrayfishwerethenreleasednextto their rock andcoaxedbackunderneath.
Monitoring surveyswerealsoconductedby diversutilizing either scubaor snorkeling
gear. Thesesurveysfocusedmorespecificallyon the distributionandabundanceof
Shastacrayfishand introducedspeciesin knownShastacrayfishlocations. Crayfish
handlingtechniqueswereas describedabove.
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APPENDIX E

A Summary of Agencyand Public Commentson the Draft RecoveryPlan for
the ShastaCrayfish

I. Introduction

On September30 1997,theServicereleasedthedraftRecoveryPlanfor the
ShastaCrayfishfor a90-daycommentperiodendingon December,29, 1997
(62 FR 51127). Dr. RobertDaniels,Dr. DouglasConklin,andMr. Larry
Eng wereaskedto providepeerreviewoftheDraft Plan.

A total of 10 letterswere received;eachcontainedvaryingnumbersof
comments.Any commentsor correctionsthatwere incorporatedwill not be
addressedin this appendix. A completeindexof thosewho provided
commentsis availablefrom theU.S. Fish andWildlife Service,Ecological
Services,SacramentoField Office, 3310El CaminoAvenue,Suite 130,
Sacramento,California95821.

Thefollowing is abreakdownof thenumberof lettersreceivedfrom various
parties:

StateAgencies 2
Local GovernmentsI
BusinessIndustry 1
Environmental/ConservationOrganizations1
AcademialProfessional2
PrivateCitizens 3

II. Summary of Commentsand ServiceResponses

Reasonsfor Declineand CurrentThreats

Comment: Whatarethespecific interactionsbetweenShastaand
signalcrayfishthat areleadingto adeclinein Shastacrayfish
numbers?

Response:Researchhasbeenconductedon thecompetitive
interactionsbetweenShastaandsignalcrayfishby Maria Ellis.
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This informationwill be publishedin thenearfuture andwill be
usedto updatethe recoveryplan. In addition,item 3.2 in the
RecoveryNarrativeaddressestheneedto continuestudyingthe
interactionsbetweenthesetwo speciesofcrayfishandto
incorporatethis informationin managementplans.

HabitatChangesandThreatsto Individual Populations

Comment: To restorehabitatfor theShastacrayfish,why not
removethe gravelthatwasplacedattheCrystal Lakeoutflow?

Response:Gravelwasoriginally placedat theCrystalLake
outflow to enhancespawninghabitatfor wild trout. Subsequently,
the lavacobbleandbouldersthat werecoveredby thegravelhave
beenuncoveredandplacedon top ofthegravelat thatsite. The
combinationof the lavacobblesandboulderson top of thegravel
makesvery goodsubstratefor Shastacrayfish. Removingthe
gravelatthis time would decreasethesuitability oftheareaand
would likely’ disturb orkill Shastacrayfish.

Comment: Thecategoricalrecommendationfor restoringBear
Creekmeadowasa recoveryactionis inappropriatebecause(1) it
hasnot beendeterminedthatBearCreekmeadowis aprimary
sourceofsediment,(2) the projectshouldbe designedandpeer
reviewedby independentexperts,and(3) it couldresultin more
harmthangoodfor theShastacrayfish.

Response:After reviewandevaluationoftheavailabledatato date
(asreferencedin theRecoveryPlan),webelievethatBearCreek
meadowis an activeandprimarysourceof sedimentto the Fall
River. The resultsof the Fall River ResourceConservationDistrict
205j projectwill alsosoonbe availableandtheseresultswill be
reviewedandtheRecoveryPlanupdatedasappropriate.The
projectthathasbeenproposedby ThousandSpringsRanchto
restoreBearCreekmeadowhasalsobeenreviewed.This projectis
well-designed,well-reviewed,andhasahigh probability of
successfullyreducingsomeof the majorsedimentinput into the Fall
River that is currentlythreateningShastacrayfishthere. While
therearesomerisksinvolved with anyinstreamrestoration,these
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havebeenmitigatedto themaximumextentpracticablein the
designof thisproject. This recoverytaskremainsanumber1
priority of theRecoveryPlanfor the Shastacrayfish. Any relevant
new datathatbecomeavailablewill be evaluatedregardingthis
issue.

NarrativeOutline for RecoveryActions

Comment: Fishingrestrictionsarenot necessaryattheoutflow of
CrystalLaketo protectShastacrayfishfrom wadinganglers.

Response:Recreationalsurveysconductedfor PG&E have
documentedthatpeoplefishing atCrystal Lakeoutflow arewading
in the lake(M. Ellis, pers.comm. 1998). Shastacrayfishhavebeen
observedat CrystalLakeoutflow after gravel wasplacedthere(M.
Ellis, pers.observ.). Wadingon cobbleandbouldersin the lake has
the potentialto crushanycrayfishthatmaybe locatedunderneath.
Currently thereis a seasonalclosurefrom Novemberto April, the
plansuggeststhat more restrictionson Crystal Lakeoutflow would
be of benefitto the recoveryoftheShastacrayfish. TheService
believesthat fishing restrictionsimposedandenforcedby California
Departmentof FishandGamewould be moreeffectivethan any
imposedby the landowners.

Comment: Why not imposerestrictionson fishing in Hat Creek
wheretherearemanyanglersfishing there?

Response: There areno Shastacrayfish in themainstemof Hat
Creek.

Comment: Creatingacrayfishfishery to supporteradicationof
nonnativecrayfishcould becometoo successfulandtakeon a life of
its own.

Response:Thefishery alreadyexistsandbasedon the experience
of the local experton Shastacrayfish(Maria Ellis). the risk of a
fishery becomingout of control is very minimal. In addition,
California Departmentof FishandGamehasthe authorityto stop
the fishery if it becomesan issuefor the Shastacrayfish.
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Comment: In theareasoftheFall Riverthat are silted in by
sedimentation,createsubmerged“mounds”oflavacobblesand
bouldersto provideislandsof habitatfor Shastacrayfish.

Response:This is an interestingand plausiblesuggestion.At this
time theServicebelievesthat thepriority in this areais eliminating
thesourceof thesedimentcomingfrom BearCreek. The mounds
couldbe consideredasan option in thefuture if a stop-gapapproach
becomesapriority.

Comment: Crystal Lakeseemslike an importantareathat should
beusedto examineinteractionsbetweensignalandShastacrayfish
yet it is apriority areato eradicatesignalcrayfish.

Response:Theinteractionsbetweenthetwo speciesof crayfish
havebeenstudiedat CrystalLakeby Ellis. andresultsareexpected
to be publishedby theendof 1998. Thepopulationat CrystalLake
hasdeclineddramatically,and thereis concernaboutdisturbingthis
populationwith furtherresearch.Thereareseveralothersympatric
populationsthat could offer researchopportunitiesif field
experimentsare xvarranted.The eradicationof crayfishatCrystal
Lakehasbeendroppedfrom apriority 1 to a priority 3 becauseof
thedifficulty of eradicatingsucha largesignal crayfishpopulation.

Comment: No effort is being devotedto developingbettermethods
of assessingcrayfishdensity. Trappingis a valuabletool to survey
habitatand developestimatesof existingpopulationsandfor future
monitoring.

Response:Theuseof trappingto estimatepopulationshasinherent
sizeandgenderbiasesassociatedwith this method(Brown and
Brewis 1978). Usingthis methodis not expectedto provide
accuratedataon recruitment,agedistribution,andreproductive
success,which are importantto assessingthehealthof apopulation.
Brown andBrewis(1978)foundthat handcollectinghadmore
reliableresults.
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Comment: Shouldn’trecoveryactionssuchaswatershedplanning
andgeneticshaveahigher priority sincetheyhelpprovidethe “big
picture” for recovery?

Response: Completingall recoverytasksregardlessof priority is
necessaryto achieverecoveryof aspecies.Theintent of
prioritizing recoveryactionsis to concentratefirst on themost
immediateneedsto stabilizepopulationsand preventirreversible
declines.Big picturetasksarestill requiredfor recoveryeven
thoughtheymaynot havepriority one status.

ConservationMeasures

Comment: Whatabout includinga protocolfor thenextstep in
landownercoordinationto ensurethesuccessofthe recoveryplan?

Response:A standardprotocolfor landownercoordinationwould
be difficult to developin light of thevariety anduniquenatureof
the differentsituations,andit is also outsidethescopeof the
recoveryplan. Thepurposeof a recoveryplanis to developa
blueprintfor recoveryof a speciesand includespreliminary
identificationof key cooperatorsandstakeholders.

General

Comment: Thereis concernaboutany’ ~agreements”or actions
proposedin the recoveryplanthatcould affect private landowners
or theirability to provideinput regardingthoseactions.

Response:A recoveryplanis not a regulatorydocumentanddoes
not providefor agreementto or implementationof anyof the
recoverytasksproposed. A recoveryplanis areferencedocument
that identifiesactionsthat, if implemented.areexpectedto recover
thespecies.Any actionsthat areimplementedmustfollow
appropriatestate,local, or federal laws andregulations.Any
cooperationfrom privatelandownersis voluntary. Specific
arrangementsfor accomplishingrecoveryactionswould be worked
out at thetime ofplanningand implementingtheaction andshould
includeall appropriatestakeholders.
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Comment: How werecostestimatesdevelopedfor recovery
actions?

Response:The costsin the recoveryplanarevery roughestimates
to giveageneralideaof costs. Theywerebasedon thegeneral
knowledgeof individualscontributingto the recoveryplan. A more
precisebudgetwould be createdduringtheplanningand
implementationof eachtaskor groupof tasks. Again, thisrecovery
planprovidesrecommendedguidelinesandis not an
implementationdocument.

Comment: What arethe specific rolesof leadagenciesand
responsiblepartiesin the ImplementationSchedule?

Response: Theresponsiblepartiesand leadagenciesin the
implementationschedulearerecommendationsonly for entitiesto
lead andparticipatein implementingrecoveryactions. These
suggestionswerebasedon the knowledgeof individuals
contributingto the recoveryplan.

Comment: Is critical habitatgoing to be designatedfor the Shasta
crayfish?

Response: Designatingcritical habitatis doneat the time aspecies
is listed. TheShastacrayfishwas listed in 1988. It wasdetermined
at that time that designatingcritical habitatfor theShastacrayfish
wasnot prudentbecauseof therisk of vandalismand increased
enforcementproblems(53 FR 38460).
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